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ABSTRACT: 
Growth hormone (somatotrophin), prolactin, placental lactogen and 
somatolactin (SL) are structurally related hormones that belong to the same protein 
family. The first three are present in all mammals, whereas somatolactin, a recently 
discovered hormone, is found mostly in the pars intermedia of the pituitaries of 
several fish species. Although the molecular features of SL have become 
increasingly clear, its physiological function in fish has not yet been confirmed. 
Goldfish {Carassius auratus) was used as a fish model in the present study to 
investigate the molecular biology of SL with a view to elucidate its gene structures 
and differential expression in fish tissues. 
A cDNA clone (V12) encoding a novel SL in goldfish (gf) was recently identified 
as a type II SL. In order to study the regulation of this gfSLII gene, the gene structure 
was investigated by genomic library screening, and two clones were isolated. The 
DNA fragments obtained from these clones were sequenced and the organizations of the 
gene structures were investigated. It was found that one of them coded for a protein 
sequence different from the identified goldfish SL cDNA (V12). The other clone was 
believed to be a pseudogene without a proper structure of promoter sequence in its 5' 
flanking region. In the tissue distribution study by reverse transcription-polymerase 
chain reaction using the V12 specific primers, SLII was shown to be mainly expressed in 
the pituitary of goldfish. 
Bacterial expression of recombinant gfSLII was also performed to produce antigen 
for raising antiserum in a rabbit. The polyclonal antibody obtained can be applied in 
ELISA to detect the expression of SLII in different organs in the goldfish, or even in 
different fish. Hopefully, the genomic information and application of antibody would 
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CHAPTER 1 LITERATURE REVIEW 
1.1 Introduction 
It was investigated that the fish pituitary could secrete an unidentified 
hormone (Ball and Baker, 1969). After twenty years, a novel glycoprotein was 
purified from Atlantic cod and flounder (Rand-Weaver et al., 1991b; Ono et al., 1990). 
Analysis of the flounder cDNA sequence showed that it is similarly related to fish GH 
(somatotropin) and PRL (prolactin)，with about 21-27% identity. The hormone 
identified was structurally related to but clearly distinct from GH and PRL. Since four 
of the conserved cysteine residues and four highly conserved domains are present in 
positions similar to GH and PRL polypeptides, it was therefore named somatolactin 
(SL), and was regarded as a new member of the GH/PRL family. 
1.2 Structural Analysis of SL 
There is hitherto a total of 16 somatolactins identified from different fish 
species: Japanese flounder (Ono et al., 1990), Altantic cod (Rand-Weaver et al., 1991b; 
Takayama et aL, 1991a), chum salmon (Takayama et al., 1991b), coho salmon 
(Rand-Weaver et al., 1992)，lumpfish (Iraqi et aL, 1993), sole (Pendon et al., 1994), 
channel catfish (Chen et al., 1994), rainbow trout (Rand-Weaver et al., 1995), gilthead 
sea bream (Cavari et al., 1995a; Cavari et al., 1995b; Astola et al., 1996), red drum 
(Zhu & Thomas, 1995) (Zhu & Thomas，1999)，goldfish (Cheng et al., 1997)，eel (May 
et al., 1997), halibut (Johnson et al., 1997), Atlantic croaker (Zhu & Thomas, 1997b), 
African lungfish (May et al., 1999) and white sturgeon (Amemiya et al., 1999). It was 
revealed that the mature SL hormones contain 205-209 a.a. with molecular weights 
vary from 24.5kDa (coho salmon) to 28kDa (flounder and gilthead sea bream). Most 
1 
of them contain 7 conserved cysteine residues, and all of them have 4 conserved a -
helix domains (Figure 1.1). 
The amino acid sequences of SL and GH/PRL precursors were aligned for 
studies (Takayama et al., 1991b). The protein coding capacity of the exon III，IV and 
V ofSL was very similar to GH and PRL, and also their exon-intron junction patterns 
were identical. By examining the gene structure of the known SL, as in the case of 
GHy^RL genes, most of them consist of 5 exons, e.g. chum salmon (Takayama et al., 
1991b). The first exon-intron junction was separated between the first and second 
letters of a codon and the other two were between codons. Also, the common origin of 
the regulatory region located upstream from exon I was found (Takeo et al., 1996). 
The four consensus sequences corresponding to the Pit-l/GHF-1 binding elements 
were present in the 5'-flanking region of exon I. These similar gene organizations 
suggested that the SL gene is derived from an ancestal gene common to GH/PRL at 
about the same time as their divergence, by shuffling of independent exons and a 
regulatory sequence. Subsequent duplication and divergence of the ancestral gene 
generated GH, PRL and SL genes (Figure 1.2) (Niall et al., 1971; Takayama et al., 
1991b). 
The GHy^ PRL protein family contains conserved disulfide bonds. 4 Cys 
residues located at C-terminal of GH7PRL protein family form the disulfide bonds. 
SLs also contain two extra Cys at the N-terminal, similar to tetrapod PRLs. No 
vertebrate GH or fish PRL has this Cys containing region, thus they may be considered 
to be a characteristic of SLs. 
Potential N-glycosylation sites are found in most of them, depending on the 
species. The 16 SLs identified differ with regard to the number of potential N-
glycosylation sites. There is only one site for Japanese flounder (Ono et al., 1990), red 
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Figure 1.1 Alignment of somatolactin from 8 teleost species. Seven Cys 
residues are conserved in all the sequences as indicated by asterisks. The four 
conserved domains in the SLs are indicated as SLa, SLb, SLc, SLd respectively. 
Dashes represent gaps inserted to maximize homology. 
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Figure 1.2 Evolutionary model for the GH/PRL/SL gene family. An ancestral 
gene was formed by shuffling of 5 prototype exons and a regulatory element. 
Exon V may have been divided by an intron in the ancestral gene. Subsequent 
duplication and divergence of the ancestral gene generated GH, PRL, and SL genes 
before the divergence of vertebrates. After these events, primate PL genes derived 
from the GH gene, whereas rodent and bovine PL and PRL- related genes, were 
defived from PRL gene. (Takayama et al., 1991b; Chen et al., 1994) 
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drum (Sugimoto et al, 1991) and gilthead sea bream (Astola et al., 1996); two for 
Atlantic cod (Rand-Weaver et al., 1991b), sole (Pendon et al., 1994), eel (May et al., 
1997) and halibut (Iraqi et al., 1993); and three in lumpfish (Iraqi et al., 1993). 
However for rainbow trout (Rand-Weaver et al., 1995)，chum (Takayama et al,, 1991b) 
and coho salmon (Rand-Weaver et al., 1992)，there are no potential N-glycosylation 
sites. These N-glycosylated SLs should be responsible for the PAS-positive signals in 
the pars intermedia, since PAS stains the carbohydrate molecules only. This explains 
why the pars intermedia cells of rainbow trout, chum and coho salmon are PAS-
negative and somewhat chromophobic (Rand-Weaver et al., 1991a). N-glycosidase 
treatment can remove the glycosylated variants to produce non-glycosylated proteins 
(Pendon et al., 1998). There might be some difference in physiological significance 
between glycosylated and nonglycosylated SLs. However, it has not yet been 
determined. 
1.3 Location of SL-producing cells and Expression of SL 
Somatolactin cells were mainly found in the pituitary gland of several 
teleostean species and also in Chondrostei (white sturgeon) and Kipnoi (African 
lungfish) (Amemiya et al., 1999). No molecule corresponding to fish SL has been 
characterized in other vertebrate classes (Kawauchi, 1996). 
The fish pituitary consists of an adenohypophysis and a neurohypophysis 
(Figure 1.3). The adenohypophysis is subdivided into 3 parts: the rostral pars distalis 
containing PRL secreting cells, the proximal pars distalis containing GH secreting 
cells, and the pars intermedia (PI). In contrast to other vertebrates, the fish PI contains 
2 types of cells which can generally be distinguished by their responses to different 
stains. One cell-type, located close to the neurohypophysis, usually stains with 
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periodic acid Schiff (PAS), whereas the other type, lying further from the neural tissue, 
stains with lead haematoxylin (PbH), but PAS-negative (Ball and Baker 1969). The 
PbH cells are the source of proopiomelanocortin, the precursor of melanocyte 
stimulating hormones and endorphins (Kawauchi, 1983; Naito et al., 1984). By using 
the immunocytochemical staining method (Rand-Weaver et al., 1991a) (Figure 1.4), 
and the protein A-gold technique (Figure 1.5) (Kaneko et al., 1993c), it was found that 
the PAS-positive region is the origin of SL. Similar results were also found in other 
fish species such as platyfish, marigold wagtails and swordtails (Magliulo-Cepriano et 
al., 1993)，tilapia，eel spotted gar, bowfin and sturgeon (Dores et al,, 1996), 
Mediterranean yellowtail (Garcia-Hemandez et al., 1996; Garcia- Hernandez et al., 
1997), and gilthead sea bream (Villaplana et aL, 1997). 
Since the PAS stains carbohydrate-containing material, it suggests that SL 
can exist in both glycosylated and nonglycosylated forms depending on the species. 
A recent study also suggested the presence of SL cells in the brain of 
Orechromis niloticus (Mousa & Mousa，1999). The SL cells are widely distributed in 
most brain regions, not only accumulated in a specific region as in the pituitary. 
Teleost Pituitary 
, • ‘ ^ • — • I 
Adenohypophysis Neurohypophysis 
I ~ • I I  
Rostral pars Proximal pars Pars intermedia (PI) 
distalis (RPD) distalis (PPD) 
PRL cells GH cells 
• • • 
PAS positive PbH positive 
SL cells MSH cells 
Figure 1.3 The flow diagram represents the structure of the fish pituitary. 
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Figure 1.4 This figure shows the entire section of the cod pituitary 
stained with SL-antiserum, all the cell type in pars intermedia lying further 
from the neural tissue and cells in the pars distalis did not show 
immunoreactivity. On the contrary, very intense staining could be 
observed in the pars intermedia, especially along the border of 
neurohypophysis. PD, pars distalis. (Modified from Rand-Weaver et al” 
1991a) 
7 
_ ？ \ -1 、._'人:.，；.'.、^ :^ -'i U N s- K ^  . <W-^^-r^^^^^ -J -t ^->^  ^  _;,3.' i%^  .xV- :,�.：，；- ,J '^fi {.. 
.-^-'^ VV:--^^V W � V K rJ^ ^ ^^ “ i \ ?>' 
r> ,卞、'mmmlm M . ^ ： ^ . 、 . ( i ‘'丨丨‘• 
:、,» 拷 �� V V ‘ ^ “ - ‘ ‘ 
Figure 1.5 A. Ultrastmcture of a SL-cell stained with anti-chum salmon 
SL using the protein A-gold technique. Within the cells, gold particles were 
mainly located on the secretory granules, and were scarcely detected 
elsewhere on the cytoplasma or nuclei. B. Higher magnification. Gold 
particles were located on the granules. (Kaneko et al., 1993c) 
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1.4 Possible Functions of SL 
Although no definitive function has been established or confirmed for SL, 
previous studies have suggested the involvement of SL in various biological processes 
related to stress and environment adaptation (Ono, 1994a). 
1.4.1 Adaptation to Various backgrounds and Intensities of 
Illuminations 
Ball and Batten (1981) discovered that fish adapted in black backgrounds 
stimulated of the PIPAS cell to secrete an unknown hormone. The structural changes 
in the pars intermedia of the cichlid teleost Tilapia mossambicus as a result of 
background adaptation and illumination were examined (Van Eys, 1980). It was found 
that the metabolic activity of PAS positive cells is much lower in those fish kept in 
white background than those kept in black background. Lower activity of the SL cells 
was also found in the blinded fish. 
Elevation of SL levels in both the plasma and pituitaries were also found in 
red drum Sciaenops ocellatus exposed to black backgound or decreased illumination 
(Zhu & Thomas，1996; Zhu & Thomas，1997a; Zhu & Thomas，1998; Zhu et al,, 1999). 
The sample fish with low circulating SL levels were transferred from light background 
to a dark background holding tank. Blood samples were collected at various times (5 
min -1 week) after the transfer and it was found that the circulating SL concentrations 
began to increase in fish sampled 1 hour after the transfer, and was significantly higher 
3 hours after the transfer. The plasma SL levels still remained significantly higher than 
control groups at 1 and 7 days following transfer compared to those in control fish 
sampled at zero time. 
9 
1.4.2 Control of Reproduction and Maturation 
The SL ceirs in the pituitary of two Pacific salmon species Oncorhynchus 
nerka and 0. keta at some stages of the reproductive cycle were studied using the 
immunocytochemical method (Olivereau & Rand-Weaver, 1994a). The SL cells were 
immunostained with an antiserum against cod SL (Figure 1.6). The SL cells were 
rather small and moderately immunoreactive in immature fish, which were indicated 
by very small ovaries and gonads. At the early stages of gonadal development, they 
were slightly enlarged. However, in spawning fish, the SL cells were enlarged and 
frequently more granulated, in addition, large and more or less degranulated cells were 
noted, indicating an active release of SL granules. When compared to male fish, 
spawning females tended to have more SL cells. The gradual stimulation of SL 
synthesis and release during sexual maturation suggests that SL may be involved in the 
control of some steps of reproduction (Olivereau & Rand-Weaver, 1994b; Zhu & 
Thomas, 1997b). 
Somatolactin was found to stimulate in vitro gonadal steroidogenesis in coho 
salmon (Planas et al., 1992). The maturation in salmon is termed smoltification, 
which means that juvenile fish undergo morphological, physiological and behavioral 
changes to enable them to survive in sea water after spawning migration from fresh 
water (Rand-Weaver & Swanson，1993c). During smoltification, the fish increase in 
their body weight with several hormonal levels changes. From their investigations, the 
plasma SL increased as smoltification began, and decreased as smoltification 
completed, from February to July, indicating a change in body metabolism during 
maturation and for environmental adaptation. 
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Figure 1.6 a. Immunoreactive S1 cells in the pars intermedia ofmale chum salmon 
in different maturation stages. N, neurohypophysis. 
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Figure 1.6b. Immunoreactive SL cells in the pars intermedia of female chum 
salmon in different maturation stages. N，neurohypophysis. (Olivereau & Rand-
Weaver, 1994a) 
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1.4.3 Responses to Stress 
Plasma SL also changed after stress (Zhu & Thomas 1994; Zhu & Thomas, 
1995b; Johnson et al., 1997). Chinook salmons were subjected to 1 hr of confinement 
stress by lowering the water level to increase the living density (Rand-Weaver et al., 
1993). After Stressed for 1 hr caused a three- to five fold increased in SL levels in 
immature males and females respectively. Stressed maturing males had significantly 
higher plasma SL levels than stressed immature males or females (Figure 1.7). 
SL levels response to stress was also studied in rainbow trout through acute 
(0-30 min) stress experiment and the short-term (0-24 hr) time-course experiment 
(Rand-Weaver et aL, 1993b). The stress was also introduced by confinement or 
stirring. The results showed that SL levels increased rapidly within 2 min following 
the onset of stress, reached a peak between 1 and 2 hr, declined over the next 3 hr, and 
then showed an additional increase again by 24 hr. Similar results were also obtained 
in rainbow trout by another independent research group (Kakizawa et al., 1995). 
1.4.4 Regulation of PO/ and Ca'+ Metabolism 
The changes in net Pi transport in response to the increasing SL 
concentration was investigated by using flounder renal tubule primary cultures (Lu et 
al., 1995). The Pi fluxes were measured after 3 hr of exposure to SL in vitro. As the 
amount ofSL increased, the changes in net Pi transport also increased. SL stimulated 
net Pi reabsorption in a dose-dependent manner within the normal plasma 
concentration range, suggesting that SL may play a role in renal Pi retention (Lu et al., 
1995). 
In the goldfish pituitary, the PAS-positive cells of the pars intermedia were 
calcium-sensitive (Olivereau et al., 1980; Olivereau et al., 1981). Activation ofSL 
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Effect of Stress on Plasma SL in Chinook Salmon 
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Figure 1.7 Plasma levels of SL in immature male, female and precociously 
maturing male chinook salmon subjected to confinement stress for 1 hour: 
control fish (open bars) and stressed fish (black bars). Each data point 
represents the mean ±S.E.M. of 15 to 22 individuals. (Modified from Rand-
Weaver et al,, 1993b) 
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cells in the pituitary of the rainbow trout by low environment calcium was also 
observed (Kakizawa et al,, 1993; Kaneko & Hirano 1993a). Fish were transferred 
from 10 mM calcium rich fresh water to fresh water. After the experiment, the fish 
pituitary was studied by immunocytochemistry and in situ hybridization. The results 
showed that the nuclear areas ofSL cells were significantly larger 10 and 21 days after 
the transfer, and the levels of SL-mRNA were also significantly higher. It suggested 
that low Ca2+ concentration in the environment will trigger the activation of SL cells 
for protein secretion. 
1.4.5 Acid — Base Balance 
Wendelaar Bonga et al” (1986) found that the PAS-positive cells in the pars 
intermedia of the pituitary was activated in low pH. Elevation of plasma SL 
concentrations during acidosis was also observed in the rainbow trout (Kakizawa et al., 
1996). The fish were reared initially in fresh water with a pH of 7.5. On the first day 
the water pH was reduced from 7.5 to 4.5 by adding acid for 1 hr, and the pH was 
maintained until the end of the experiment. Plasma SL levels increased after exposure 
to acidic water, reached a peak on day 1, and thereafter returned to the initial level by ‘ 
day4. 
Effects of acidosis could also be induced by exhaustive exercise (Kakizawa 
et al., 1996). Exhaustive exercise resulted in a pronounced blood acidosis with the 
blood pH depressed maximally several minutes after the exercise. Plasma SL levels 
increased markedly immediately after the exercise and returned to the initial level 
along with the disappearance of acidosis. Elevation of plasma SL concentration was 




1.4.6 Regulation of Energy Metabolism 
During the 10 months preceding spawning in the coho salmon, plasma SL 
levels increased from early spring to the time of ovulation and spermiation in both 
sexes of fish that were studied (Rand-Weaver et al., 1992). The fish have to spend 
energy to migrate from seawater to fresh water areas for spawning. It was found that 
plasma SL started to increase in the beginning of migration (Figure 1.8), and was the 
highest in spawning fishes, indicating that SL may take part in energy metabolism 
during migration, spawning and in environmental adaptation. Similar results were 
also observed in rainbow trout (Rand-Weaver et al., 1995) and chinook salmon 
(Olivereau & Rand-Weaver 1994b). Also plasma SL levels were found to be 
significantly lower in starved than in fed rainbow trout, indicated that the SL level was 
significantly correlated to most of the metabolic parameters (Rand-Weaver et al., 
1995). 
1.4.7 Regulation of Fat Metabolism 
SL may also affect fat metabolism and body pigment in some fish species. A 
blue-colored variant of rainbow trout, which is often termed "cobalt" because of its 
characteristic body colour when compared to the normal one, was used for study 
(Kaneko et al., 1993b). It also has a bigger body size (Figure 1.9). This cobalt variant 
has an abnormal pituitary (Figure 1.10), which is just a remnant and adherent to the 
hypothalamus or detached from the brain. It is much smaller than the normal one and 
the shape is irregular. By using the immunocytochemical method, the SL 
immunoreactive cells were detected. Only a few SL cells in the cobalt variant were 
found, and the characteristics of SL cells along the neurohypophysis were not 
observed. The SL cells are rarely seen in the abnormal 
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Plasma SL levels in coho salmon during spawning migration 
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Figure 1.8 Plasma levels of SL in sexually maturing male and female coho 
salmon. All males were spermiating by mid-November. The last two samples 
from females were collected within 24 hours of ovulation. (Modified from Rand-
Weaver et aL, 1992) 
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Figure 1.9 Cobalt variant (A) and (B) rainbow trout. Note the characteristic 
body color of the cobalt variant. Standard length: (A) 39 cm; (B) 22 cm. 
(Kanekoe^ a/., 1993b) 
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Figure 1.10 a. Location of the pituitary (left) and distribution of SL cells in 
midsagittal plane of the pituitary (right). The cobalt variant (B) has a pituitary 
connected with the hypothalamus. HT, hypothalamus. (Modified from Kaneko 
etal., 1993) 
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Figure 1.10 b. Pituitary sections of cobalt rainbow trout. The cells were 
immuno-stained with different antibodies. (Kaneko et al., 1993b) 
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pituitary. Since this cobalt variant is about 10 times heavier in weight than a normal 
one with the same length, it is possible that the amount of SL expressed controls the 
body pigment and fat distribution in some fish species. 
1.5 Regulation of SL Gene Expression 
The tissue distribution of SL expression in rainbow trout has been studied 
(Yang et al., 1997). Total RNA samples from different tissues were collected and were 
analyzed by electrophoresis and Southern blot (Figurel.il). All the products were 
able to hybridize with the probe, indicating the presence of SL mRNA in all these 
tissues. However, these results are somewhat unexpected since SL is a pituitary 
hormone, and their mRNAs are not expected to be present in other tissues. These 
results might be due to the super-sensitivity of RT-PCR. Further experiments are 
needed to reexamine the tissue distribution of SL. 
In general, the gene expression and secretion of pituitary hormones is under 
the control of regulatory proteins and hypothalamic factors. These controls on GH and 
PRL have been thoroughly investigated, and were suggested to take part also in SL 
regulation. 
1.5.1 Pit-1 Related Gene Regulation 
A transcription factor Pit-1 was suggested to participate in the expression of 
GH, PRL and SL genes (Ono and Takayama 1992; Ono et al., 1994b; Ono et al., 1995). 
Pit-1 was originally isolated as a protein that contributes to the pituitary-specific 
expression of the mammalian GH-encoding gene (Bodner et al., 1988; Ingraham et al,, 
1988). It is a member of a large family of transcription factors that encode proteins 
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Figure 1.11 Expression of SL gene in extrapituitary tissues. One i^l of 
pituitary first-strand cDNA or lOp, of extrapituitary tissue first-strand cDNA 
was used as the template and cDNA specific primers were used for PCR. The 
PCR products were fractionated on 1.5% agarose gels (top panel). DNA 
fragments on the agarose gels were then blotted onto nylon membranes and 




containing in their C-terminal segments two regions that are important for DNA 
binding, a 60-amino acid POU homeodomain and a 75-amino acid POU-specific 
domain. It has been implicated in the regulation of three types ofhormone-producing 
cells which secrete GH, PRL and thyroid-stimulating hormone, in the action of 
activating the genes. 
It was found that four sequences corresponding to the Pit-1 binding site 
(consensus WWTATNCAT, where W represents T/A) (Nelson et al., 1988; Yamada et 
al., 1993) were found in the 5'-flanking region of the chum salmon SL gene 
(Takayama et aL, 1991b). Also, by using the DNA foot-printing analysis, at least 5 
binding sites for Pit-1 protein was found in the promoter region of salmon SL gene 
(Yamada et al., 1993) (Figurel.l2). Since this pituitary-specific transcription factor is 
responsible for activating GH and PRL genes, and because ofthe structural similarity 
between SL and GH/PRL, it was suggested that this protein would be involved in the 
control of SL gene expression by activating the gene promoter also. 
Other transcription factors related to SL gene regulation are still unknown. 
1.5.2 Regulation of SL Hormone Secretion 
1.5.2.1 Hypothalamic Factors 
Hypothalamic factors may also control SL activity since SL cells are closely 
associated with the neurohypophyseal tissues in the PL The gonadotropin-releasing 
hormone (GnRH) neuron projections in the pituitary were seen in the proximal pars 
distalis and the pars intermedia but not in the rostral pars distalis. Double-labeled 
immunocytochemistry showed GnRH fibers in close association with GH and SL cells 
in the steelhead trout (Parhar et al., 1994). 
Other hypothalamic factors were also studied. For instance dopamine, 
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Figure 1.12 DNase I footprinting analysis of rainblow trout SL promoter. The 
fragment was incubated with no protein (lane 2)，100 ng (lane 3)，or 10 ng (lane 
4) of bacterially expressed rainbow trout Pit-1 protein. Maxam-Gilbert G+A 
sequencing ladders (lane 1) was used as position markers. The locations ofthe 
Pit-1 binding sites on the SL promoters are indicated on the side 
panel.numbering is with reference to the start sites of SL transcription. 
(Modified from Yamada et al., 1993) 
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epinephrine and thyrotropin-releasing hormone all inhibit SL release. In particular, 
the inhibitory effect of epinephrine over 3-24 hr seems to be dose-related. On the other 
hand, serotonin, corticotropin-releasing factor and gonadotropin-releasing hormone 
stimulate the dopamine-inhibited SL release (Kakizawa et al., 1997b). Since 
hypothalamic regulation ofSL release is different from that ofGH and PRL release, it 
implies that SL possesses unique physiological functions. 
1.5.2.2 Steroids 
Steroids are also suggested to participate in the control of SL expression 
(Mayer et al., 1998). After excision of the testis in Atlantic salmon, SL levels 
decreased in both the plasma and the pituitary. On the contrary, steroid treatments in 
gonadectomized fishes increased the SL levels, indicating that the gonadal steroids 
produced from the mature testis could stimulate both the synthesis and release of SL, 
Dopamine and norepinephrine were also found to induce PAS-positive cells to release 
SL through activating tmyc3 proto-oncogene in the somatolactotroph ofrainbow trout 
(Parmo & McKeown, 1997). 
1.6 Aims of Thesis 
1.6.1 Identification of SLII from Goldfish {Carassius auratus) 
During screening of a goldfish pituitary cDNA library using the goldfish GH 
as a probe, a novel SL was found and this new sequence also has the characteristic of 4 
conserved domains common to all other SLs (Cheng et al., 1997). It contains only 6 
conserved Cys residues, with a sequence of lower similarity to other SLs, therefore it 
was named SLII, other fish SLs were termed SLI for the purpose to distinction. Table 
1.1 shows the comparison of gfSLII with several other known fish SLIs. Among the 
23 
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fish SLs characterized, gfSLII shows the highest homology of62.4% with catfish SLI, 
and lower similarity to others. 
Fish Species Coding region Amino acid sequence 
(nt Identity) (identity/homology) 
Catfish 45?7 51/62.4 
Sturgeon W s 46.7/57.4 
猛 3^0 48.6/56.6 
Halibut ^ 48.6/56.1 
~~Seabream W^ 46.7/54.0 
Flounder 1 ^ 48.6/56.2 
Chum salmon "KS 36.5/57.4 
C ^ !1^9 35.9/58.8 
Lumpfish 3 l j 35.7/55.5 
Table 1.1 Comparison of goldfish somatolactin II with other known fish SLs. 
The nucleic acid sequences of mature hormone coding region (Coding region) are 
shown as sequence identities and the predicted amino acid sequences are shown as 
sequence homologies and identities. (Cheng et al,, 1997) 
The amino acid alignment of SLII with other goldfish pituitary hormones is 
shown in Figurel.l3. This gfSLII has a sequence identity of 52% with gfGHII, 
explaining the isolation of a SL cDNA by the GH library screening. This SL also 
contains the extra two Cys residues at N-terminal common to other SLIs. 
The expression of goldfish pituitary SL mRNA was examined by Northern 
blot hybridization (Figurel.l4) (Cheng et al., 1997). Apparently SL mRNA levels do 
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Figure 1.14 Northern blot analysis of goldfish SLII mRNA from pituitary and 
brain. An autoradiogram of the blot was hybridized with a zebra fish P_actin 
cDNA. After stripping, the blot was further hybridized with the SLII cDNA (full 
length). Seven pituitaries were pooled together for RNA extraction, whereas only 




GH, PRL and SL all belong to the GH/PRL super family, and they all possess 
a similar gene and protein organization. These three hormones were identified in the 
goldfish recently, and their structural comparison and analysis have not yet been 
studied. Among these three hormones, SL is the most recently discovered GH/PRL 
family member, and we still have a lot of things unknown about this new hormone. 
Also the SL found in goldfish is quite distinct from other fish SLs. Some important 
features such as the structural organization, multiplicity of the gene, and the target 
organs and function of this hormone are worthwhile to investigate. Studies on this 
gfSLII would provide more implications for the understanding of the physiology of the 
GH/PRL family in fish. 
The present thesis reports the isolation of SLII genes from the goldfish by 
genomic PCR and library screening methods. The isolated SLII gene has been studied 
thoroughly. The expression and purification of recombinant goldfish SLII proteins are 
described. Repeated rabbit immunizations with purified recombinant goldfish SLII 
protein were performed in order to produce high titer polyclonal antibodies to study 




CHAPTER 2 PCR ANALYSIS OF GFSLIl GENE AND ITS 
EXPRESSION IN GOLDFISH TISSUE 
2.1 Introduction 
A goldfish SLII cDNA, named V12, was isolated and cloned (Cheng et al., 
1997). The cDNA sequence of V12 was different from other identified SLs. It 
shows the highest extent (62.4%) ofhomology with catfish SL, and lower extents of 
homology with other SLs. Therefore primers were designed from both ends of the 
goldfish SLII mature hormone coding region sequence (Figure 2.1) to investigate its 
gene expression. 
The goldfish genomic DNA was analyzed by PCR using the cDNA specific 
i 
primers. The PCR product was about 900 bp in length (Figure 2.2). It would be ： 
interesting to find out whether these PCR amplified genes share the same sequence, 
and if they are identical with the two genes isolated from the goldfish genomic 
library (Chapter 3). The study by using specific primers can provide more 
information about the size and the number of genes of SLII in the goldfish. 
Tissue distribution of SL mRNA expression was studied in rainbow trout (rt) 
using RT-PCR methods (Yang et aL, 1997; Yang et ai., 1999). In rainbow trout, 
although the pituitary gland is the predominant tissue for producing SL， 
extrapituitary expression of rtSL gene was also found, such as in the brain, gills, 
heart, kidney, liver, skeletal muscle, pyloric ceaca, spleen, ovary, testis and immature 
eggs. In this project, reverse transcription-polymerase chain reaction (RT-PCR) 
was performed to investigate the tissue distribution of SLII mRNA using SLII cDNA 
specific primers. RT-PCR not only enhances the amplification of the products, but 




ATG AAG AAA ACT ACA GTT CTA CAG GTT TGT ATG GTG TTT GTG GTC TGC TCA CTG CAG GCC 60 
M K K T T V L Q V C M V F V V C S L Q A 
-1 1 V 1 2 F 1 ~ • 10 
GTG ATC GGA TCG CCT GTT GAC TGT CCA GAC CAA GAT ACT GCA GGA GTG TCC TGT ATC ATC 120 
V I G S P ~V 5 C P D Q 5 T A G V S C I 工 
20 30 
TCA CTG GAG AAG CTC CTG GAA CGA GCC GTT CAA CAT GCA GAG CTT ATT CAC CAC ATC GCA 180 
S L E K L L E R A V Q H A E L I H H I A 
40 50 
GAG GAG TCC AAG TTG CTG TTT GAC GAG ATG CTC ATT TCA TTC GGG GTT GTG AAT CTG CAT 240 
E E S K L L F D E M L I S F G V V N L H 
60 70 
ATT TCC GAA GGG ACC ATG TGT TCT CCT AAA ACG GTG TCG GTT CCT ATG TCT AAA ACT GAA 300 
I S E G T M C S P K T V S V P M S K T E 
80 90 
ATC CAA CAG ATT TCC GAC AAA TGG CTC CTT CAC TCA GTC CTG ATT CTG GTC CAG TTC TGG 360 丨 
I Q Q I S D K W L L H S V L I L V Q F W ! 
100 110 I 
ATT AAT CCA CTG GTA GAT GTA CAG GCG TCT CTT ATG AAT TAT CAG AAC GCC CCA AGT GCC 420 | 
I N P L V D V Q A S L M N Y Q N A P S A ‘ 
120 130 
CTG GTT GAC AGG AGC AAA CTG ATG TCT ACT AAA ATA ACA AGC CTG GAG CAG GGT ATA CTG 480 
L V D R S K L M S T K I T S L E Q G I L 
140 150 
GTT CTT ATT AGA CAG ATA CTC GGT GAA GGT GGT TTG GTG GTG GAA GGT CCT GAA GAC ACA 540 
V L I R Q I L G E G G L V V E G P E D T 
160 170 
TCT GAT CAC TTT GTT TCT TCC GAT ACG TTT GAG ACT GTG AGA AGA GAC TAC AGT GTG ATC 600 
S D H F V S S D T F E T V R R D Y S V I 
180 190 
TAC TGC TTC AGG AAA GAT GCG CAC AAG ATA CAG ACT TTG CTC AAA CTG CTG AAA TGC CGT 660 
V C F R K D A H K I Q T L L K L L K C R 
200 ^ ~ V 1 2 R 3 
CAG ATT GAT AAG GAG AAT TGC TCC CTA TTC TAA CTAAAAAAGAAATAAGCTTCTGCCATTTTTATCTT 728 
Q I ~3 K E N C S L F" * , 
GTGTTTCAGTGTTATTCTGCCAAA.GCTGGCTTTGCTATTGCACAAATATTGAATTGAAAATAAAAAAATGTTTGCATGT 825 
TCACTTGGAAAAAAAAAAAAAAAAAAA 834 
Figure 2.1 Nucleotide and amino acid sequences of the goldfish SLII 
cDNA (V12). Nucleotide is numbered and the amino acid residues are 
indicated below the cDNA sequence. The stop codon (TAA) and 
polyadenylation signal (ATAAA) are underlined. The cDNA specific 
primers V12F1 and V12R3 designed are underlined and their orientation 
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2.2 Materials and Methods 
2.2.1 Materials 
DEPC dH2O 
Diethyl Pyrocarbonate (DEPC) 0.1 % 
Stir ovemight in the fumehood, sterilize buffer by autoclaving for 20 min at 121�C. 
10X MOPS Buffer 
MOPS 41.9g 
NaOAc 6.8 g 
EDTA 3.8 g 
!i 
Dissolved in 1 liter ofDEPC dH2O, pH adjusted to 5.5-7. 
:t 1 j.. 
1.2% Formaldehyde Gel 
Agarose 1.5 g 
10X MOPS Buffer 12.5 ml 
DEPCH2O 105.8 ml 
37% formaldehyde 6.7 ml 丨 
Formaldehyde should be added after the gel has been cooled down to about 50°C. 
6X Loading Buffer for Agarose Gel Electrophoresis 
Bromophenol blue 0.25% 
Xylene cyanol FF 0.25% 
Sucrose 40% (w/v) 
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50X TAE Buffer 
Tris base 242 g 
Glacial Acetic Acid 57.1 ml 
0.5M EDTA, pH 8.0 100 ml 
Add ddH2O to 1 liter� 
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2.2.2 Methods 
2.2.2.1 Subcloning and DNA Sequencing of the Goldfish SLII Amplified 
by PCR 
2.2.2.1.1 PCR Cloning of Goldfish SLII Gene 
The goldfish genomic DNA was amplified by cDNA specific primers V12F1 
and V12R3. A 900 bp fragment was amplified by using the PCR Master kit 
(Boehringer Marmheim). The fragment was then gene cleaned and cloned into 
PCR-2 vectors. 
V12F1 primer: 5，GTT GAC TGT CCA GAC CAA GAT ACT 3， 
V12R3 primer: 5’ GAA TAG GGA GCA ATT CTC CTT AT 3， 
The plasmid carrying the goldfish SLII gene was transformed and 3 clones were 
isolated and purified for DNA sequencing analysis. 
2.2.2.1.2 Restriction Enzyme Digestion ofthe PCR Clones 
All the three clones (named #2，#4 and #6) which contained SLII gene amplified 
from PCR were subjected to restriction digestion by Rsa I and EcoR V. A reaction 
I 
mixture of 20 i^l volume was set up by mixing 0.5 i^g ofthe plasmid, 1 unit ofRsa I ’ 
or 1 unit of EcoR V in an appropriate buffer. The reaction mixture was incubated at 
37°C for about 3 hours. After the incubation, the enzymes were heat inactivated by 
incubating at 65°C for 15 min, and 8^1 of the reaction mixture were loaded into a 1% 
agarose gel for electrophoretic analysis. 
2.2.2.1.3 Subcloning of the Digested Fragments 
By studying the digestion patterns of the three clones, it was found that clones 
#4 and #6 gave similar patterns, which were however quite different when compared 
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to the pattem ofclone #2. Therefore clones #2 and #4 were chosen for subcloning. 
Their enzyme released fragments were gene cleaned using the Sephaglas™ BandPrep 
Kit (Pharmacia). The gene cleaned DNA fragments were kinased in a 30 ^1 
reaction volume. For each reaction, 20 ^1 gene cleaned DNA fragments, IX one 
phor all buffer (Pharmacia), lmM dATP and 1 unit of T4 polynucleotide kinase 
(Pharmacia) enzyme were used. The reaction mixture was incubated at 37�C for 
about 3 hours, and then were heat inactivated at 65°C for 10 min. The kinased 
DNA fragments were then subjected to desalting by passing through a Bio-spin 
column (Bio-Rad). The desalted DNA was cloned into pUC 18 vectors by using the 
Ready to Go pUC18 Sma I/BAP + Ligase kit (Pharmacia), which contains 100 ng 
pUC18 Sma I/BAP, 6 units ofT4 ligase, 66 mM Tris-HCl (pH) 7.6, 6.6 mM MgCl?， 
0.1 mM ATP, 0.1 mM spermidine and 10 mM DTT for each reaction. The reaction 
mixture was incubated at 15°C ovemight for ligation to complete. 
2.2.2.1.4 DNA Sequencing of the Subcloned Fragments 
All the subclones, together with the uncut clones #2 and #4 were subjected to 
I ' 
DNA suquencing with the help of the Service & Equipment Maintenance Team, ‘ 
Biochemistry Department, CUHK, using the Amersham ThermoSequenase cycle 
sequencing kit. It is based on the chain-terminating inhibitors methods (Sanger et 
al., 1977). Universal and Reverse primers were used which were locate on both 
sides of the multiple cloning site of pUC18 plasmid. 
Universal primer: 5' GTT TTC CCA GTC ACG AC 3' 
Reverse primer: 5，CAG GAA ACA GCT ATG AC 3， 
After sequencing analysis, there was still one gap present on each gene, and 
therefore two gene specific primers were designed from the sequenced fragment, 
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named GFSLIIGF4 and GFSLIIGR4. These two primers were located at 5' and 3, 
ends of the gap. Sequencing using these two specific primers was carried out by 
using ABI Prism dRhodamine Terminator Cycle Sequencing Ready Reaction Kit 
(Perkin Elmer) with AmpliTaq DNA polymerase. The sequencing was performed 
in an ABI Prism 310 Genetic analyzer. 
GFSLIIGF4: 5’ ATC CAA GAG ATT TCC GT 3， 
GFSLIIGR4: 5, TTC ACC TGT CTA ATG AG 3， 
2.2.2.2 Tissue Distribution Studies Using RNA Assay 
2.2.2.2.1 Tissue Preparation 
Seven tissues (pituitary, brain, gill, heart, kidney, liver and spleen) were 
removed from freshly killed adult goldfish and immediately transferred to liquid 
nitrogen. The tissues were then stored at -70�C until RNA extraction. 
2.2.2.2.2 Total RNA Extraction 
All the reagents used were prepared using 0.1 diethyl pyrocarbonate (DEPC) 
treated dH2O (Section 2.2.1), which is a RNase inhibitor (Fedorcsad and Ehrenberg, 
1966). 
The reagent used for RNA extraction was TriPure™ Isolation Reagent 
(Boehringer Mannheim) which is a monophasic solution of phenol and guanidine 
thiocyanate for RNA isolation. This reagent allows isolation oftotal RNA from the 
same sample in a single-step liquid-phase separation (Chomczynski & Sacchi, 1987) 
(Chomczynski et aL, 1993). One ml of ice-cold TriPure Isolation Reagent was 
added into a plastic test tube settled on ice. One hundred mg of the frozen tissues 
was weighed out and added to the reagent. The tissue was immediately 
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homogenized with a Polytron. One hundred i^l of BCP phase separation reagent 
(Molecular Research Center. Inc.) was added to the homogenized tissue followed by 
vigorous vortexing for 15 sec. The mixture was then allowed to stand at room 
temperature for 2 min, transferred to a 1.5 ml eppendorf, and centrifuged at 12 000g 
for 15 min at 4�C. The upper aqueous phase containing the RNA was transferred to 
a fresh tube. The interphase and lower red organic phase should not be disturbed 
since they contained DNA and proteins. 
An equal volume of 100% isopropanol was added to the aqueous phase. The 
tube was inverted several times for mixing it thoroughly. Then the sample was 
centrifuged at 12 000g for 10 min at 4°C. The supernatant was discarded and the 
pellet was resuspended in 1 ml 75% ethanol. It was then centrifuged again at 
12,000 g for another 10 min at 4 � C to collect the RNA pellet. The supernatant was 
discarded and the pellet was dried in a speedvac (DNA110, Savant) for 5 min. Fifty 
}il of DEPC-treated water were added to dissolve the pellet. The concentration and 
quality of the RNA were determined by measuring the absorbance at 260nm and 
I 
280nm, and then the RNA was stored at -20°C until use. 
,.Vt 
2.2.2.2.3 Electrophoresis of RNA in Formaldehyde Agarose Gel 
The isolated total RNA was analyzed by electrophoresis on an agarose gel 
containing formaldehyde. A 1.2% formaldehyde gel was prepared by melting 1.5g 
of agarose with 12.5 ml 10X MOPS buffer (Section 2.2.1) and 105.8 ml DEPC dH2O, 
6.7 ml of 37% formaldehyde was added in a fumehood after the gel was cooled down 
to about 50°C. The gel was cast and allowed to set also inside a fumehood. Ten 
i^g of each of the RNA sample from different tissues was mixed with 3 jul 37% 
formaldehyde, 2 i^l 10X MOPS buffer (Section 2.2.1), 10 i^l 100% formamide and 1 
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^a of lmg/ml EtBr. The samples were heated to 65�C for 10 min, and then quickly 
chilled on ice for 5 min. Four i^l of 6X loading buffer for agarose gel 
electrophoresis (Section 2.2.1) was added into the samples. The gel was immersed 
in IX MOPS buffer (Section 2.2.1) and pre-run for 5 min at the constant voltage of 
100V. The samples were then loaded into the wells ofthe gel, and electrophoresis 
was carried out at 100V constant voltage for about 3 hr until the bromophenol blue 
dye had migrated approximately 2/3 down the length ofthe gel. The RNA resolved 
in the gel was visualized and photographed under UV illumination. 
2.2.2.2.4 First Strand cDNA Synthesis 
First strand cDNA was prepared from 1 i^g oftotal RNA from different tissues 
by using a V' Strand cDNA synthesis kit for RT-PCR (AMV) (Boehringer 
Mannheim). The RNA samples were mixed with 5 mM MgCl2, 1 mM 
deoxynucleotide mix, 1.6 i^g oligo-p(dT)15 Primer, 50 units RNase inhibitor and 20 
units AMV Reverse Transcriptase with reaction buffer (10 mM Tris, 50mM KC1; pH 
8.3). The mixtures were brought to 20 i^l total volume by using sterile water 
provided in the kit. The samples were allowed to stand at 25�C for 10 min, and 
then reverse transcription was carried out at 42°C for 1 hr. Following the cDNA 
synthesis, the AMV Reverse Transcriptase was denatured by incubating the reaction 
at 99�C for 5 min and then cooling down to 4°C for 5 min. The products were 
stored at -20�C until PCR. 
2.2.2.2.5 Goldfish SLII Specific PCR 
The resulting single-stranded cDNA was amplified in PCR utilizing sequence-
specific primers. Five ^1 of the first strand cDNA synthesized were used for PCR, 
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using the PTC-100 thermal cycler (MJ Research, USA). In each 50^il PCR reaction, 
1 unit ofTaq polymerase was used with lmM dNTP mix, 1.2mM MgCl2, and O.ljug 
of each specific primers: V12F1 and V12R3. These two primers were designed 
from the start and the end of the mature hormone coding region of goldfish SLII 
cDNA sequence. 
In order to test the quality of the cDNA synthesized, P-actin primers were used 
as the control (Chow and Chan, 1997). Distilled water was used in negative control 
tubes instead of cDNA templates. The PCR was carried out at 94°C, 1 min; 55°C, 2 
min and 72°C, 3 min for 30 cycles. The PCR products were analyzed on a 1.5% 
agarose gel with IX TAE buffer (Section 2.2.1) by electrophoresis. The resolved 
samples were stained with EtBr, and were photographed by UV illumination. 
i 
2.2.2.2.6 PCR to Test DNA Contamination 
Since the cDNA of goldfish SLII is 600 bp, whereas the gene is about 900 bp, 
and the RT-PCR gave products of both sizes, genomic DNA may be contaminated 
during the preparation of RNA. Five i^g of the prepared total RNA were treated 
with lO i^g of RNase A enzyme to digest all the RNA first, followed by PCR. The 
same set of primers (V12F1 and V12R3) was used, and the PCR conditions were the 
same as in Section 2.2.2.5. 
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2.3 Results 
2.3.1 Subcloning and DNA Sequencing of the Goldfish SLII Amplified 
by PCR 
The enzyme-digested clones #2, #4 and #6 after electrophoresis are shown in 
Figure 2.3. 
Lane 1: 100 bpmarker 1 2 3 4 5 6 7 8 9 10 11 
Lane 2: #2 uncut plasmid 
=4；"L ^iii.!,驗_ 
s s [ ^^m 
= : = r n ^ ^ ^ M 
Lane 10: EcoR V cut #6 ^ ^ ™ ^ ^ ™ ™ ^ ^ ^ ^ ™ ™ ^ ^ ^ ^ ^ ™ l 
• [ 
Figure 2.3 Restriction enzyme digestions of clones #2, M and #6 containing SLII 
genes. Clones #4 and #6 gave similar patterns, therefore clone #4 was chosen for 
subcloning. All the fragments released by Rsa I and EcoR V from clones #2 and #4 ' 
• •.n 
were subcloned into pUC18 plasmids, and were subjected to DNA sequencing 
analysis. 
The three fragments released from clone #2 by Rsa I were named N2R1 (-680 
bp), N2R2 (-320 bp) and N2R3 (-220 bp) respectively, and the EcoR V released 
fragment was named N2EV ( � 3 5 0 bp). The enzyme released fragments from clone 
#4 was named N4R1 (-700 bp), N4R2 (-450 bp), N4R3 (�300 bp) and N4EV (-600 
bp) respectively, as shown in Figure 2.3. After DNA sequencing, there were gaps 
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from the nucleotide position 540 to 650 in clone #2, and 356 to 381 in clone #4， 
primers were designed based on both sides ofthe unknown sequence to fill the gaps. 
These two primers were used to perform DNA sequencing using ABI Prism 
dRhodamine Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer) by an 
ABI Prism310 Genetic analyzen 
After DNA sequencing, the full sequences of the two gene fragments were 
obtained, and are aligned (data not shown). These two genes shared extremely 
similar (99%) sequence homology. Only 4 bases were not identical with each other. 
They all possessed 3 introns and 4 exons. Both oftheir introns started and ended at 
the same positions. However one of their un-identical bases was located in the first 
exon, one base was missing from clone #2，so that it could not be translated into 
proteins because of the frameshift. On the other hand, the exons of clone #4 ‘ 
encoded proteins quite different from the reported cDNA (V12) (Cheng et al., 1997), 
exhibiting just about 78.2% amino acid homology. The amino acid sequence 
alignment of clone #4 coding protein and goldfish SLII cDNA (V12) is shown in 
Figure 2.4. 
2.3.2 Tissue Distribution Studies Using RNA Assay 
After RT-PCR analysis, it was found that only the pituitary expressed SLII in 
the goldfish, which gave a correct size of the SLII cDNA of 600 bp. Although all 
the other tissues also showed PCR products, they all gave the genomic size of SLII 
of 900 bp. Figure 2.5 shows the PCR products after 1.5% agarose gel 
electrophoresis and staining with EtBr. The upper panel shows the RT-PCR 
products amplified using the specific V12F1 and V12R3 primers. Only the goldfish 




V12 VDCPDQDTAGVSCIISLEKLLERAVQHAELIHHIAEES 40 
# 2 / # 4 VDCPDQDTEGTSC^TISIEKLLERAVQHAELIYRFSEIj)S 40 
Domain A 
* 
V12 KLLFDEMLISFGWNLHISEGTMCSPKTVSVPMSKTEIQQ 80 
# 2 / # 4 KLMFDEMLISYGM-NLHIPEGTMCAPKTVPV|PLSKSEIQE 79 
Domain B 
V12 ISDKWLLHSVLILVQFWINPLVDVQASLMNYQNAPSALVD 120 
# 2 / # 4 ISDKWILHSILILAQFWIDPLVEVQASLESYENVPSALLT 119 
1 1  
Domain B 
V12 RSKLMSTKITSLEQGILVLIRQILGEGGLWEGPEDTSDH 160 




V12 FVSSDTFETVRRDYSVIYCFRKDAHKIQTLLKLLKCRQID 2 0 0 
# 2 / # 4 FVSSSILETVRRDYSVIYCFRKDAGKMQTSLKLLKCRQID 1 9 9 
I  
Domain D I 
* 
V12 KENCSLF 2 0 5 
# 2 / # 4 KENCS 2 0 2 , 
.——I ：„ 
Figure 2.4 Amino acid alignment of the clone #4 translated exons with the 
goldfish SLII cDNA (V12). The bold letters stand for the unmatched amino 
acids. An '*' denotes the conserved Cys residues. 
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other samples did not show any PCR products of the same size. However all the 
samples except pituitary showed distinct bands at 900 bp, which corresponded to the 
genomic SLII size. The lower panel shows the PCR products obtained by using P_ 
actin primers. All the first strand cDNA gave a sharp band of p_actin of about 800 
bp. 
In order to test for DNA contamination, the total RNA samples extracted from 
the tissues were digested with RNase A. After RNase A treatment, all the samples 
were brought to PCR using the specific primer V12F1 and V12 R3. Except for the 
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Figure 2.5 RT-PCR analysis of the goldfish tissues. The upper panel A 
shows the RT-PCR using the goldfish SLII cDNA specific primers. Lower 
panel B shows the RT-PCR using the P-actin primers. M: 100 bp marker; 
C: -ve control; P: pituitary; B: brain; G: gill; H: heart; K:kidney; L: liver 
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Figure 2.6 RNase A-treated PCR. The total RNA extracted from the i： 
tissue was digested with RNase A. After RNase A treatment, all samples 丨 
were brought to PCR using the specific primer V12F1 and V12 R3. All ‘ 
samples except the pituitary RNA extract gave positive bands at the 900 
bp position, which indicated that there was DNA present in the total 
RNA. Therefore all the 900 bp bands shown in the six tissues should 




2.4.1 Subcloning and DNA Sequencing of the Goldfish SLII Amplified 
by PCR 
The nucleotide sequence homology of clones #2 and #4 was about 99%. The 
slight difference in sequence between them might be due to DNA sequencing errors, 
or to errors in PCR during the original cloning of the genes. Since both strand 
sequencing was carried out, i.e. sequencing the complementary strands from both 
sides, sequencing errors seemed unlikely. On the other hand, PCR errors may occur 
by incorporating wrong bases during elongation. The Taq polymerase used in PCR 
Master (Boehringer Mannheim) does not have any 3’ to 5，exonuclease proofreading 
activity, therefore mismatched bases might be incorporated during amplification. 
Since these two genes shared extremely similar DNA sequence, it can be concluded ‘ 
that they were amplified from a common gene. The 4 mismatched bases might be 
due to PCR errors. 
Assuming these two genes are identical, they are comprised of 4 exons which ！ 
encode proteins slightly different (78.2 % amino acid identity) from the V12 cDNA 
sequence. The four A, B, C，D conserved domains common to other SLs were also ” 
found, and the pattern and the relative locations of these four conserved domains in 
this goldfish SLII gene are also similar to those found in GHs and PRLs. As in the 
sequence of V12 cDNA, these SLII genes encoded protein which also has the six 
conserved cysteine residues, instead of seven in all fish SLs except that of channel 
catfish. The four cysteine residues are located at the C terminal formed disulfide 
bonds as in other SLs. The first two cysteine residues at the positions 5 and 15 
from the N terminal are unique to tetrapod PRLs and fish SLs. 
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2.4.2 Tissue Distribution Studies Using RNA Assay 
During sample homogenization or lysis, the TriPure Isolation Reagent disrupts 
cells and denatures endogenous nucleases, thus preserving the integrity of RNA in 
the sample. After BCP is added to the extract, the entire mix is centrifuged. After 
centrifugation, the solution contains three phases — a colorless aqueous (upper) phase, 
a white interphase, and a red organic (lower) phase. The upper phase is placed in a 
separate tube from the other two phases. RNA is recovered from the colorless 
aqueous phase by isopropanol precipitation. The white interphase and the red 
:：^ 
organic (lower) phase contain DNA and proteins, which are quite easy to 
contaminate during RNA extraction. 
'-i 
By analyzing the lower panel of Figure 2.5, there were very pale bands at the ,；! 
h i 
position of about 11 kb above the P-actin cDNA which is 800 bp. Since the p_actin 
gene is 1.2 kb in length, this indicated that there was contamination of DNA during 
the RNA preparation. However, only the six extra-pituitary tissues except the 
pituitary showed DNA contamination. These might be due to the lower DNA 丨 
content ofthe pituitary tissues than those in the extra-pituitary tissues, and provide a 
relatively lower possibility of DNA contamination in the pituitary tissues. ' 
PCR directly from the RNase A-treated total RNA will give no product ifthere 
is no DNA contamination. However, all the samples except the pituitary RNA 
extract gave positive results, which indicated that there was DNA present in the total 
RNA. Therefore we can conclude that all the 900 bp bands shown in the six tissues 
should have come from the contaminated DNA, not from the reverse transcribed 
cDNA. During total RNA preparation, DNase I might be added into the samples 
before RT-PCR to make sure that there is no DNA contamination. 
46 
CHAPTER 3 ANALYSIS OF GOLDFISH SLII GENE 
3.1 Introduction 
Recently, a SL gene was identified in chum salmon (Takayama et al., 1991b). 
The salmon SL gene was 16 kb in length, comprised of five exons. One TATA box 
and four consensus sequences corresponding to the Pit-l/GHF-1 binding element 
were found up-stream from the transcriptional initiation site. 
In goldfish, the SLII cDNA (V12) has been cloned and sequenced (Cheng et aL, 
1997). This SLII cDNA has a sequence different from other identified SLs. Its 
•:1 
ammo acid sequence showed only 51% identity with the catfish SL, and even a lower ！ 
extent of similarity with others. Its contains only 6 conserved cysteine residues 
•I 
instead of 7 found in other SLs, it is therefore regarded as type II SL. Since two 
types ofcDNA sequences were identified in both goldfish GH and PRL, as a member 
of the GH superfamily, type I SL is also possible to be expressed in goldfish. On 
the other hand, the investigation on type II goldfish SL gene can help to find out 
whether they were also expressed in other fish species. In order to discover the 丨 
relationship between SLI and SLII, the goldfish SLII gene should be isolated and 
studied as the first step. The SLII cDNA fragment identified from goldfish can be ' 
used as a probe for isolation of the gene by screening the goldfish genomic library. 
The goldfish genomic library primary lifts were kindly provided by Dr. K. L. Yu, 
Department of Zoology, The University of Hong Kong. LambdaGem-11 (Promega) 
was used in this library as the vector. Five hundred thousand plaques from the 
amplified phage library were plated out. Duplicated filter lifts were performed for 
each plate. The filters were hybridized with the radioactive labeled probe. The 
positive plaque was further purified using the same plate out and hybridization 
method. The nucleotide sequences of the positive clones were then determined. 
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In goldfish, two distinct GH (Law et al., 1996) and PRL (Chan et al., 1996) 
cDNA sequences were discovered and characterized. Therefore it is possible that 
there might be two SL genes in goldfish also. To estimate the number of genes 
coding for the SLI and SLII in the genome of goldfish, genomic Southern analysis 
was performed using goldfish SLII (V12) and catfish SLI cDNA as probes for 
hybridization. 
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3.2 Materials and Methods 
3.2.1 Materials 
NZYM medium 
Bacto Casein Digest 10 g 
Bacto Casamino Acid 1 g 
Bacto Yeast Extract 5 g 
Sodium Chloride 5 g 
Magnesium Sulfate, Anhydrous 0.98 g 
Add ddH2O to 1 liter, sterilize the buffer by autoclaving for 20 min at 121°C. 
NZYM plate 
Composition the same as NZYM medium except with 1.5% agar. 
NZYM 0.6% top agarose 
Composition the same as NZYM medium except with 0.6% agarose. 丨 
！ 
I 
NZYM 0.3% top agarose ‘ 
Composition the same as NZYM medium except with 0.3% agarose. 
CGA plate 
CIRCLEGROW (BI0101, Inc., USA) 48 g 
Agar 1.50/0 
Add ddH2O to 1 liter, sterilize the buffer by autoclaving for 20 min at 121°C, 100 
|ig/ml ampicillin was added into the cooled down autoclaved mixturejust before 




NaOH 0.5 M 
Neutralization buffer 
NaCl 1.5M 
Tris-HCl, pH 7.5 1 M 
20X SSC 
NaCl 3M 
Sodium citrate 0.3 M 
50X Denhardt's solution 
Ficoll 5 g 
PVP (Polyvinylpyrrolidone) 5 g 丨 
BSA (Bovine Serum Albumin) 5 g 
Add ddH2O to 500 ml, stored at -20°C. ’ 
10% (w/v) SDS 
Sodium Dodecyl Sulfate 50 g 




Denhardt's solution 5X 
SDS 0.5% (w/v) 
SM buffer 
NaCl 5.8 g 
MgSO4.7H2O 2 g 
1 M Tris-HCl, pH 7.4 50 ml 
Dissolve in 1 liter ddl^O，sterilize the buffer by autoclaving for 20 min at 121°C. 
50X TAE Buffer 
Tris base 242 g 
Glacial Acetic Acid 57 ml 
0.5M EDTA, pH 8.0 100 ml 丨 
i 
Add ddH2O to 1 liter. 
•"f 
IX Tris-borate (TBE) buffer 
Tris base 10.8 g 
Boric acid 5.5 g 
0.5M EDTA, pH 8.0 20 ml 
Add dH2O to 1 liter. 
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6X Loading Buffer for Agarose Gel Electrophoresis 
Bromophenol blue 0.25% 
Xylene cyanol FF 0.25% 
Sucrose 40% (w/v) 
IPTG (Isopropylthio-p-D-galactoside) 
0.8mM IPTG was dissolved in ddH^O，filtered with 0.22^im disposable filter units, 
and stored at -20°C 
Xgal (5-Bromo-4-chloro-3-indolyl-p-D galactoside) 
Dissolve 0.2g Xgal in 10ml dimethylformamide, filter through a 0.22^im disposable 
filter disc, and store away from light. 
Solution I j 
1 M Tris-HCl, pH 8.0 5 ml 丨 
0.5 M EDTA 4 ml 
20% Glucose 9 ml ‘ 
Add ddH2O to 200 ml. 
Solution II 
10% SDS 10 ml 
1 M NaOH 20 ml 
Add ddH2O to 100 ml. 
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Solution III 
Potassium Acetate 3 M 
Adjust pH to 4.8 with acetic acid. 
Grinding Buffer 
Tris base 0.1 M 
Na^EDTA 0.05 M 
NaCl 0.2 M 
SDS 1% 
Alkaline Transfer Buffer 








3.2.2.1 Screening of Goldfish Genomic Library 
3.2.2.1.1 Preparation of the Plating Host 
Three ml NZY medium (Section 3.1.1) were inoculated with a single colony of 
the LE392 bacterial host in a culture tube, which was grown ovemight (about 16 hrs) 
with shaking at 2>TC. On the following day, 1 ml of the ovemight culture was 
grown in 50 ml NZY medium (containing 0.2% maltose and 10 mM MgSO4) in a 
sterile Erlenmeyer flask, with shaking at 37°C for about 2 hours. The culture was 
harvested until the OD^ oo was about 0.5. The cells were centrifuged down in a 
sterile 50 ml falcon tube for 15 min at 3,000 rpm. The medium was removed and 
the cell pellet was gently resuspended in 50ml sterile 10 mM MgSCV The 
resuspended cells were stored in 4°C for about 2 weeks until use. ‘ 
3.2.2.1.2 Preparation of the Probe 
I 
The plasmid carrying the complete cDNA of goldfish somatolactin II was 丨 
digested with restriction enzymes to release the insert. Restriction enzyme 
digestions of plasmid DNA were carried out in 20 i^l volume with an appropriate “ 
buffer. The reaction mixture was incubated at 37�C for about 3 hours, and was 
analyzed by 1% (w/v) agarose gel electorphoresis at a constant voltage of 100V, with 
IX TAE (Section 3.2.1) as the running buffer. The confirmed fragment was further 
purified by gene clean using the Sephaglas™ BandPrep Kit (Pharmacia), modified 
from the glass-milk/sodium iodine method (Davis et al., 1986) 
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3.2.2.1.3 Primary Screening of Goldfish Genomic Library 
The primary blotted filters were kindly provided by K.L. Yu in the University of 
Hong Kong. The library was plated out at a concentration of 50,000 plaque 
forming unit (p.f.u.) per NZYM plate (150 mm in diameter). It was carried out by 
mixing an appropriate amount of the library with 600 ^1 host cells at 37°C for 20 min, 
then 8 ml 50°C NZYM 0.6% top agarose (Section 3.2.1) was added, and the content 
was plated on a pre-warmed NZYM agar plate. The plates were allowed to harden 
at room temperature for 10 min. Totally 500,000 p.f.u. were plated on 10 NZYM 
'S| 
:J 
plates. The plates were incubated at 37°C until the plaques were visible. Then the v/| 
plates were put in a refrigerator at 4°C in order to prevent the top agarose from 
.i 
sticking to the nylon filter later in the lifting step. Dry nylon filters (Hybond-N+, 
Amersham) were laid onto the plates for 2 min (for duplicated filter lifts, the second '丨 
.；！ 
filter was transferred for 4 min) and the filters were pricked with a needle through the I: 
membrane into the agar for orientation. Filters were peeled off from the plates and 
laid, plaque side up, on a 3MM Whatman paper saturated with denaturation solution � 
(Section 3.2.1). After 2 min, the filters were transferred to another 3MM Whatman 
paper saturated with neutralization buffer (Section 3.2.1) for 5 min. This ‘ 
neutralization step was then repeated one more time with another saturated 3MM 
paper for further 3 min. After neutralization, the filters were submerged in 2X SSC 
(Section 3.2.1) to rinse out any adhered top agarose. They were then placed on dry 
3MM Whatman paper and were air dried until no wet blot could be observed. 
Finally the DNA was fixed on to the filters for 4 min in an UV crosslinker 
(Fotodyne). Both the filters and the plates were stored in a 4°C refrigerator. 
The goldfish SLII cDNA probe was radioactively labeled with a^^P-dCTP using 
the Ready to Go dCTP Labeling Kit (Pharmacia). The filters were prehybridized at 
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65°C for at least 1 hour with hybridization buffer, in the presence of 0.2 mg calf 
thymus DNAAOO ml hybridization buffer as the blocking reagent. The 
radioactively labeled probe was first denatured at 100�C for 5 min, chilled on ice, 
and was added into the hybridization buffer after the prehybridization. All the 
filters were then hybridized at 65°C overnight. On the following day, the filters 
were washed twice in 2X SSC, 0.1% (w/v) SDS at room temperature for 10 min, 
twice in IX SSC, 0.1% (w/v) SDS at 65°C for 15 min, and twice in O.lX SSC, 0.1% 
(w/v) SDS at 65°C for 10 min. The filters were then wrapped in SaranWrap, and 
exposed to Kodak X-Omat film at -70°C for 3 days between intensifying screens. ) 
3.2.2.1.4 Isolation of the Positive Clones 
Four clones (named A-D) giving positive signal on both the duplicated filters '| 
were picked from the primary plates with 1 ml Pasteur pipette tips, and were 
resuspended in 1 ml SM buffer (Section 3.2.1) with 20 ^1 chloroform. They were 
vortexed to release the phage, and then were stored at 4�C，away from light. 丨 
3.2.2.1.5 Phage Titering 
Serial dilutions (lO-\ 10^ lO', l O � l O � 1 0 " ' and 10"') of the four positive 
clones from primary screening were made by diluting the phage with SM buffer 
(Section 3.2.1). Two hundred i^l of each dilution of phage were added to 200 i^l 
host cells (O.D.6oo=0.5) in separate culture tubes in 37°C for 20 min. Each tube was 
plated on to a 90 mm NZYM agar plate with addition of 3 ml 0.6% top agarose. 
After incubation ovemight at 37°C, the numbers of plaques formed were counted and 
the plaque-forming unit was determined. 
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3.2.2.1.6 Purification ofthe Positive Clones 
Secondary and tertiary screening of the positive clones were carried out by 
repeating the steps described in Section 3.2.2.3, Ninety millimeters NZYM agar 
plates were used and about 100 p.f.u. were plated per plate each time. Filter lifting 
and hybridization with the same cDNA probe were repeated until single clone could 
be isolated. Since clones C and D out of the four positive clones from primary 
screening were lost due to diffusion, only clones A and B were subjected to further 
purification. The purified clones (named Clone 2 and Clone5) were isolated and 
•；丨 




3.2.2.1.7 Phage DNA Preparation 
Plate lysate was prepared by mixing an appropriate amount of the purified 
phage clone with 600 i^l host cells in 37°C for 20 min. Then 8 ml 50°C NZYM 
0.6% top agarose (Section 3.2.1) was added, and the content was plated out on a pre- 丨 
I 
warmed NZYM agar plate (150 mm). The plates were allowed to harden at room 
temperature for 10 min. Totally over 60,000 p.f.u. were plated out on each 150mm ‘ 
NZYM plate. The plates were incubated at 37�C until confluence was reached. 
The top agarose was scraped out from each plate and submerged in 8 ml SM 
buffer. The phages were allowed to elute from the top agarose by incubating at 4°C 
ovemight with shaking. After centrifugation at 3,000 rpm for 15 min, the 
supernatant containing the eluted phage was transferred to a centrifuge bottle. The 
lambda DNA was then isolated from the lysate by using the QIAGEN Lambda Kit. 
One hundred i^l digestion buffer (2 mg RNase A; 0.6 mg DNase I; 300 mM 
NaCl; 100 mM Tris-Cl, pH 7.5; 10 mM EDTA; 0.2 mg/ml BSA) from the kit was 
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added into 50 ml phage lysate and incubated at 37�C for 30 min. Ten ml ice-cold 
30% polyethylene glycol (PEG 6,000) with 3 M NaCl were added and incubated on 
ice for 60 min. The mixture was centrifuged at 12,000 g for 10 min and the 
supernatant was discarded. The pellet was resuspended in 3 ml 100 mM NaCl; 100 
mM Tris-Cl, pH 7.5; 25 mM EDTA by pipetting up and down. Three ml 4% SDS 
were added and incubated at 70°C for 20 min, then cooled on ice. Three ml 3 M 
KOAc, pH 5.5 were mixed into the sample by gently inversion. Following 
centrifugation at 15,000 g at 4°C for 30 min, the cleared lysate was transferred into a 
I 
fresh tube. QIAGEN-tip 100 was used to purify the DNA. Equilibration buffer 
was added, then followed with cleared lysate, wash buffer and elution buffer 
i 
(QIAGEN). The eluted lambda DNA was precipitated with isopropanol at 4 � C i 
ovemight. The DNA was washed with 70% ethanol, resuspended in 200 i^l dH2O, 
and was stored in 4°C. 
. 
3.2.2.1.8 Find out the Target Gene Size of the Positive Clones 
i 
I ' 
PCR was performed to check the target gene sizes of the two positive plaques 
using the Clontech Advantage HF-PCR kit. Five ^1 of each phage DNA clone were 
used as template for the 50 i^l PCR reaction. For each reaction, 1 unit of HF 
polymerase, 20 pmoles ofV12Fl primer, 20 pmoles ofV12R3 primer, IX HF PCR 
reaction buffer including Mg^\ IX HF dNTP mix and about 30 i^l mineral oil were 
laid on the top. The PCR was operated by a PTC-100 Programmable Thermal 
Controller (MJ Research, USA): 94�C，1 min; 55�C, 2 min, and 68�C，3 min; for 30 
cycles. The 2 primers were set primed to the 5’ end and 3’ end ofthe goldfish SLII 
mature hormone coding region. Agarose gel electrophoresis was performed after 
PCR at a constant voltage of 100V in IX TAE buffer using 1% (w/v) agarose gel. 
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Further PCR were performed to confirm the position of the target gene within 
the phage inserts: SP6-V12F1; SP6-V12R1 and SP6-V12R3. All the PCR 
components and conditions were the same as above, except using different primers. 
The T7 and SP6 primer set primed to 5' end and 3，end ofthe inserts in the multiple 
cloning region of the phage vector, and the V12R1 primer was reverse and 
complement to the V12F1 primer. 
V12F1 primer: 5，GTT GAC TGT CCA GAC CAA GAT ACT G 3’ 
V12R1 primer: 5，CAG TAT CTT GGT CTG GAC AGT CAA C 3， 
.:) 
T7 primer: 5 ’ TAA TAC GAC TCA CTA TA 3， 
SP6 primer: 5 ’ ATT TAG GTG ACA CTA TA 3, 










3.2.2.1.9 Cloning of the PCR Fragments into pUC18 Vector 
The 3 PCR products were loaded to 1% (w/v) agarose gel electrophoresis and 
were subjected to gene clean (Section 3.2.2.2). The gene cleaned DNA fragments 
were kinased in a 30 jil reaction volume. For each reaction, 20 i^l gene cleaned 
DNA fragments, IX one phor all buffer (Pharmacia), lmM dATP and 1 unit ofT4 
polynucleotide kinase (Pharmacia) enzyme were used. The reaction mixtures were 
incubated at 37°C for about 3 hours, and then were heat inactivated at 65°C for 10 
min. The kinased DNA fragments were then subjected to desalting by passing 
through the Bio-spin column (Bio-Rad). The desalted DNA was cloned into pUC18 
vectors by using the Ready to Go pUC18 Sma I/BAP + Ligase kit (Pharmacia), 
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which contains 100 ng pUC18 Sma I/BAP, 6 units ofT4 ligase, 66 mM Tris-HCl of 
pH 7.6, 6.6 mM MgCl2, 0.1 mM ATP, 0.1 mM spermidine and 10 mM DTT. The 
reaction mixtures were incubated at 15°C overnight for ligation to go to completion. 
3.2.2.1.10 Checking the Cloned Insert Size 
After ligation, the plasmids were transformed into DH5a competent cells. 
Five i^l ofthe ligated mixtures were added into 100 i^l DH5a competent cells, and 
were kept on ice for 45 min. After that, they were heat shocked at 42�C for 1 min 
•:) 
I 
30 sec, and then 1 ml pre-warmed CIRCLEGROW (CG) (BI0101, Inc., USA) ')| 
，： 
medium was added. The mixtures were further incubated at 37°C for another 45 
• j 
min. The transformed cells were spread over a pre-warmed CGA agar plate 
I 
(Section 3.2.1) in the presence of 10 i^l IPTG (Section 3.2.1) and Xgal (Section ‘ 
3.2.1), and were incubated at 30�C ovemight. 
On the following day, white colonies appearing on the plate contained the 
pUC18 double stranded plasmid with the cloned DNA insert. The bacteria [ 
transformed with plasmid without insert appeared as blue colonies. The white 
colonies were inoculated into 3 ml CG medium and incubated with shaking at 37�C ‘ 
ovemight 
In order to confirm that the clones were the targets, the plasmids were extracted 
by plasmid minipreparation (Sambrook et al., 1989). One ml of the ovemight 
culture was centrifuged to collect the cells. The remainder of the cultures was 
stored at 4�C. The cell pellet was resuspended in 100 |il ofSolution I (Section 3.2.1) 
by vortexing vigorously. Two hundred i^l of Solution II (Section 3.2.1) and 150 jul 
Solution III (Section 3.2.1) were added subsequently, each followed by mixing 
gently. After centrifugation, the supernatant containing the plasmid was transferred 
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to a fresh tube, and was precipitated with 95% ethanol at -20°C for 2 hr. The 
precipitated DNA was then centrifuged, washed by 70% ethanol, dried under vacuum 
for 5 min, and were finally dissolved in 20 i^l ddH2O. The dissolved plasmid was 
stored at -20°C. 
3.2.2.1.11 Restriction Enzyme Digestion to Release the Inserts 
The clones 2A, 5A and 5P were digested by BamR I and EcoR I restriction 
enzyme. BamR I and EcoR I restriction enzymes cut the restriction sites at the 
multiple cloning sites of the pUC18 vector flanking the 5’ end and 3，end of the J 
'^ 
DNA insert. Agarose gel electrophoresis was performed and 10 i^l of the digested I 
,1 
plasmid was fractionated on 1% (w/v) agarose geL � 
• fi 
；i • I 
3.2.2.1.12 Mini prep of the Positive Clones for Further Investigations 
Promega Wizard Miniprep kit was used for preparation of highly purified i 
plasmid for further restriction mapping and DNA sequencing. 丨 
3.2.2.1.13 DNA Sequencing ofthe Positive Clones 
DNA sequencing was carried out with the help of the Service & Equipment 
Maintenance Team, Biochemistry Department, CUHK, using the Amersham 
ThermoSequenase cycle sequencing kit. Universal and Reverse primers were used 
which are located on both sides of the multiple cloning site ofpUC18 plasmid. 
Universal primer: 5' GTT TTC CCA GTC ACG AC 3， 
Reverse primer: 5' CAG GAA ACA GCT ATG AC 3' 
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3.2.2.1.14 Restriction Enzyme Mapping of the Positive Clones 
Four restriction enzymes (include BamR I, EcoR V，Hind III and Sac I) were 
used to digest the clones 2A and 5A. Restriction digestions of DNA were carried 
out in 20 jul volume with appropriate buffer, incubating at 37°C for 3 hours. The 
digested DNA was analyzed by agarose gel electrophoresis. 
3.2.2.1.15 Subcloning of Clone 2A and 5A 
PCR Cloning ofClone 2A 
：] 
From the sequenced DNA of clone 2A, primers from different regions of the J 
gene were designed for PCR cloning. They were: 
GFSLIIGF1: 5 ’ GAC GAG ATG CTC ATT TCA TAC GGA 3， ‘ 
)1 
i 
GFSLIIGF2: 5，TCT ACC AAA CTA ATG AGC CTG GAA 3， 
After PCR, the products were cloned into pUC18 vectors for DNA sequencing 





Subcloning of Clone 5A Restriction Fragments into Plasmid Vectors 
I 
The clone 5A was digested with restriction enzyme BamR VHind III and BamH ‘ 
ySac I，four fragments released from the digestions were excised from the agarose 
gel. On the other hand, circular pUC18 plasmid was linearized by restriction 
enzyme digestion also {BantR VHind III and BamR VSac I) to generate 
complementary cohesive ends to the inserts. After digestion, gene clean was 
performed to elute both the DNA inserts and the linearized vectors. The eluted 
DNA inserts were then ligated into the linearized pUC18 vector. The ligation was 
carried out in a 20 ^1 volume reaction, each including 1 unit of ligase and 0.5 mM 
dATP in appropriate buffer. After incubating at 15�C ovemight, the ligated 
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plasmids were transformed into DH5a. The clones were checked by plasmid 
preparation and restriction enzyme digestion, and the positive clones were then 
purified using Promega Wizard Plasmid Miniprep kit for DNA sequencing. 
3.2.2.1.16 Determination of the Promoter Region of Clone 2A Using 
Universal GenomeWalker™ Kit (Clontech) 
Restriction Enzyme Digestion ofthe Lambda Clone 2 
Seven restriction enzyme digestions (each of 100 i^l reaction volume) were 
-3 
, ! 
carried out in appropriate buffer. One hundred ng Lambda DNA was digested with /| 
40 units of Dra I，EcoR I，Pvu II，Sca I，Sma I, SnaB I and Hinc II respectively. All 
.j 
,..i 
of these restriction enzymes cut DNA into blunt ends. The reaction mixtures were i 
丨  
j 
incubated at 37°C ovemight, followed by phenol/chloroform extraction. The ‘ 
digested DNA was then precipitated and washed with ethanol, dried, and 
resuspended in 20 p,l ddH2O. 
. I I' 
Ligation to the GenomeWalker Adaptor 
( 
Four and a half i^l of each of the digested DNA was ligated with 25 i^M ‘ 
GenomeWalker Adaptor (Clontech) by 1 unit of T4 ligase in the presence of dATP 
and appropriate buffer. The GenomeWalker Adaptor contains 2 primers for nested 
PCR to amplify the promoter region (Figure 3.1). After ligation at 15�C ovemight, 


















































































































































































































































































































































































































First Round PCR 
Four i^l ligated DNA were used for PCR by Pfu polymerase (Promega). A 
gene-specific primer at the position about 200 bp downstream ofthe 5，end ofthe 
mature hormone coding region was designed (named GFSLIIGR2). The other 
Adaptor primer API was provided by the Kit, which corresponded to the 5'end 
sequence on the GenomeWalker Adaptor. The PCR was carried out in 30 cycles of 
94°C, lmin; 55�C，2 min and 72°C, 3min by a PTC-100 Programmable Thermal 
Controller (MJ Research, USA). 
GFSLIIGR2 primer: 5 ’ ATA TGC AGA TTC ATT CCG TAT GAA 3， ：丨 






Nested Second Round PCR 
The first round PCR products were used as templates in the second round PCR. 
The condition was the same as the first round PCR, except for the primers. One 
I 
gene specific primer V12R1 was designed from the 5’ end ofthe gene and the other I 
Adaptor primer AP2 was provided by the Kit, which corresponded to the specific 
sequence on the GenomeWalker Adaptor. These two primers formed a nest loop •“ 
between the GFSLIIGR2 and API primers. 
V12R1 primer: 5, CAG TAT CTT GGT CTG GAC AGT CAA C 3， 
AP2 primer: 5, ACT ATA GGG CAC GCG TGG T 3， 
Cloning the PCR Products into pUC18 Vectors for DNA Sequencing 
After PCR, the products were cloned into pUC18 vectors for DNA sequencing 
using a method similar to that described in Section 3.2.2.9. 
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3.2.2.2 Southern Blot Analysis of Goldfish and Catfish Genomic DNA 
3.2.2.2.1 Genomic DNA Preparation from Goldfish and Catfish Tissues 
About 0.5g of the muscle (flesh) was weighted. Ten ml grinding buffer 
(Section 3.2.1) containing lmg proteinase K was prepared. A mortar and a pestle 
were pre-cooled with liquid nitrogen, and were allowed to stand on ice during 
grinding. The tissue was put into liquid nitrogen until frozen, and then was grinded 
in the pestle. During grinding, 2-3 ml of the grinding buffer was mixed with liquid 
nitrogen in a separate container first until frozen, and then were allowed to grind 
-"^ I 
".i 
together with the frozen tissue. This step was repeated several times until all the j 
buffer was added. During the whole process, the mixture should be kept frozen 
I 
,.丨 
with liquid nitrogen. j 
'! 
After all the tissue was grinded into sand like structures, they were transferred 
into a 50 ml falcon, and then incubated at 65�C with shaking in 200 rpm. After 
about 1 hr, lmg proteinase K per gram of tissue was added, and the mixture was 
allowed to shake at 65°C ovemight. I 
In the following day, a serial phenoL^chloroform extraction was carried out. 
I 
The aqueous portion containing the genomic DNA was collected. NaCl (0.3M) was ‘ 
added to the mixture first, followed by 2 volumes of absolute ethanol to precipitate 
the genomic DNA. The DNA was centrifuged in 3000 rpm for 30 min. The pellet 
was washed with 70% ethanol twice, and then was dried under vacuum at room 
temperature for about 1 hr. The DNA pellet was finally dissolved in 1 ml ofddH2O, 
and was stored in 4°C. 
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3.2.2.2.2 Restriction Enzyme Digestion of the Genomic DNA 
A 50^il digestion mixture was set up for each of the 4 restriction enzymes. 
lO^ig of goldfish and catfish genomic DNA were digested in appropriate buffer. 5 
units of^coR I，BamR I，Hind III and Xba I was added into each tube separately, in 
addition with l^il RNase A. The reaction mixtures were incubated at 37�C 
ovemight, with the addition of restriction enzymes in every 6-hour intervals. 
In the following day, absolute ethanol was added after the addition of 0.3M 
NH3OAc. The DNA was allowed to precipitated at -20°C ovemight. They were 
.1 
centrifuged, washed with 70% ethanol, and dried under vacuum, and was 
resuspended in 20^1 ddH2O. 
"1 
i! 
3.2.2.2.3 Alkaline Transfer of the Digested Genomic DNA 
All the 20^il digested genomic DNA were resolved by a 0.9% TBE agarose gel 
eletrophoresis with IX TBE buffer (Section 3.2.1) at 24V constant voltage. 1 
Undigested genomic DNA was also included for comparison. The agarose gel was 
first stained with EtBr, photographed, and submerged in 0.25M HC1 for about 30 min. 
i 
After rinsed with ddH2O, the DNA was transferred to nylon membrane by a vacuum ‘ 
pump with alkaline transfer buffer (Section 3.2.1). After transferred with 50 mbar 
for about 1.5 hr, the position of the wells were marked, and the membrane was rinsed 
with 2X SSC (Section 3.2.1)，air dried, and was stored at 4 � C until hybridization. 
3.2.2.2.4 Hybridization ofthe Digested Genomic DNA 
Two probes were used for hybridization, one of them was recombinant goldfish 
SLII cDNA, the same as in genomic library screening (Section 3.2.2.3), and the other 
one was recombinant catfish SLI. The catfish SLI cDNA clone was prepared the 
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same as the goldfish SLII probe (Section 3.2.2.2). The membrane was washed 













3.3.1 Screening of the Goldfish Genomic Library 
For the primary screening of 500,000 plaques ofthe goldfish genomic library on 
ten plates, four duplicate positive signals were identified (named A-D), as shown in 
Figure 3.2. In the following plaque purification steps, only two of the primary 
clones were purified, and named as Clone 2 and Clone 5. 
3.3.2 Mapping the Target Genes 
Li order to ascertain the gene size of these two clones, PCR was performed 
using two primers, which primed to the 5，end and 3’ end ofthe goldfish SLII mature 
hormone coding region. After agarose gel electrophoresis, both the two PCR 
products gave the same size of about 900 bp (Figure 3.3). Further PCR was carried ' 
out to map the SLII gene from the phage insert DNA. From the three PCR products 
obtained (Figure 3.3)，the positions of the two genes were determined, as shown in | 
Figure 3.4. Since the clones were purified from two different positive signals, 
I: 
although they gave the same size of gene, it was not sure whether their DNA 
if 
sequences were the same. Therefore DNA sequencing was carried out to compare 
the two sequences. 
3.3.3 DNA Sequencing of the 2 Positive Clones 
The three PCR products (clone 2, 5A and 5P) were cloned into pUC18 vectors. 
This has the advantage ofDNA amplification for further analysis ofthe DNA inserts. 
The plasmid containing the DNA inserts was sequenced using the universal and 
reverse primers that possess priming site flanking the multiple cloning sites of the 
pUC18 vector. Since only parts of the genes were sequenced, subcloning was 
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Figure 3.2 Upper panel: Autoradiographs showing a positive signal 
on both of the duplicated filter lifts from a primary screening of 
goldfish genomic library using goldfish SLII cDNA as the probe. The 
arrows point to the position of one of the positive signals, labeled as 
clone A. Lower panel: An autoradiograph showing the positive signals 
from one of the nylon filters after plaque purification steps. They all 
correspond to clone A in the primary screening. 
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performed to obtain the complete sequences. 
In the restriction enzyme digestion of the clones 2A and 5A shown in Figure 3.5, 
the positions of the enzymes sites on the genes were predicted (Figure 3.6). For 
clone 2, gene specific primers were designed, and the 2 PCR products generated by 
GFSLIIGF1 一 V12R3 and GFSLIIGF2 — V12R3 were cloned and sequenced. For 
clone 5A, the insert was cut by BamR VHind III and BamR VSac I restriction 
enzymes (Figure 3.7), all the fragments released were cloned and sequenced. The 
overall sequence alignment of clone 2 SLII and clone 5 SLII gene is shown in Figure 
3.8. 
For the promoter region, clone 5P (550 bp), which is adjacent to the 5' end of 
the gene, was cloned and sequenced. The TATA box and pit-1 binding site can be 
found on it (Figure 3.9). For Clone 2，Universal GenomeWalker™ Kit (Clontech) 
was used to find out the promoter sequence. In the first round PCR, four out of 
seven of the restriction enzyme digested DNA were successfully ligated to the 
GenomeWalker Adaptor. They were EcoK V, Pvu II，Sca I and Sma I digested 
I 
samples, and gave PCR products of 1.9 kb, 650 bp, 1.6 kb and 1 kb in size | 
i' 
respectively. In the second round nested PCR, relatively shorter products were 
amplified, which were 1.7 kb, 450 bp, 1.4 kb and 800 bp in size respectively (Figure 
3.10). Three of the second round nested PCR products {EcoK V，Pvu II and Sma I) 
were cloned into pUC18 vector (Section 3.2.2.9), and were subjected to DNA 
sequencing. Since they came from the same promoter region, they gave 
corresponding sequences. The first 680 bp of the promoter region of clone 2 gene 
is shown in Figure 3.11. 
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Figure 3.5 Restriction enzyme digestions ofcloned PCR produtcts 2A 
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Figure 3.7 Restriction enzyme digestions ofclone 5A. The fragments 
pointed to by the five arrows were subcloned and sequenced. 
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5' * 
C l o n e 2 GTTGACTGTC CAGACCAAGA TACTGAAGGA ACGTCCTGCA CCATCTCAAT TGAGAAGCTC 7 4 1 
C l o n e 5 GTGGACTGTC CAGACCAAGA TACTGAAGGA ACGTCCTGCA CCATCTCAAT TGAGAAGCTC 597 
* 
C l o n e 2 CTGGAACGAG CTGTTCAACA TGCAGAGCTC ATTTACCGCT TCTCAGTAGG ACTCCAAATT 8 0 1 
C l o n e 5 CTGGAACGAG CTGTTCAACA TGCAGAGCTC ATTTACCGCT TCTCAG-AGG ACTCCAAATT 6 5 6 * * * * * * 
C l o n e 2 GTATGCTCTG TGCAGTAGAC AGAGAAATGC TTTACAATTT TGCACTGTAC CACGATTTCA 8 61 
C l o n e 5 G-ATGTT-TG TG-AGTA-AC AGAGAAAAGC TTTACAATTT TGCACTGTAC CACGATTTCA 7 1 2 
* * 
C l o n e 2 ATCTAAATAG CTGATGAAAA TAAGTCAAAA AGTACAGAAT GATTCCTAAA GTATTTTCAG 9 2 1 
C l o n e 5 ATCTAAATAG CTGATGAAAA TAAGT-AAAA AGTACAGAAT GATTCCTAAA -TATTTTCAG 7 7 0 
* 
C l o n e 2 GACGAGATGC TCATTTCATA CGGAATGAAT CTGCATATTC CCGAAGGC-C CATGTGTGCT 980 
C l o n e 5 GACGAGATGC TCATTTCATA CGGAATGAAT CTGCATATTC CCGAAGGGAC CATGTGTGCT 8 3 0 
C l o n e 2 CCTAAAACGG TGCCGGTTCC TTTGTCTAAA AGTGAAATCC AAGAGATTTC CGTGAGTTCT 104 0 
C l o n e 5 CCTAAAACGG TGCCGGTTCC TTTGTCTAAA AGTGAAATCC AAGAGATTTC CGTGAGTTCT 8 9 0 
C l o n e 2 TCTAATGACA TCTGATGAAA CTGACTGTAA GAGTAACTTT CTGCTAAGAA. CTGCTGAGAT 1 1 0 0 
C l o n e 5 TCTAATGACA TCTGATGAAA CTGACTGTAA GAGTAACTTT CTGCTAAGAA CTGCTGAGAT 950 
C l o n e 2 GAACTAGCTT TTTTTGTTTT TTCCTCCAGG ACAAATGGAT CCTTCACTCG ATCCTGATTC 1 1 6 0 .' 
C l o n e 5 GAACTAGCTT TTTTTGTTTT TTCCTCCAGG ACAAATGGAT CCTTCACTCG ATCCTGATTC 1 0 1 0 j 
C l o n e 2 TGGCCCAGTT CTGGATTGAT CCACTGGTAG AAGTACAGGC ATCTCTTGAG AGTTATGAGA 1 2 2 0 , 
C l o n e 5 TGGCCCAGTT CTGGATTGAT CCACTGGTAG AAGTACAGGC ATCTCTTGAG AGTTATGAGA 1 0 7 0 
C l o n e 2 ATGTCCCAAG TGCCCTGCTT ACCAGGAGCA AATGGATATC TACCAAACTA ATGAGCCTGG 1 2 8 0 
C l o n e 5 ATGTCCCAAG TGCCCTGCTT ACCAGGAGCA AATGGATATC TACCAAACTA ATGAGCCTGG 1 1 3 0 
C l o n e 2 AACAGGGTAT AATTGTTCTC ATTAGACAGG TGAATATGAA TTGTTGAAAA TTATGAGTCC 1 3 4 0 ！ 
C l o n e 5 AACAGGGTAT AATTGTTCTC ATTAGACAGG TGAATATGAA TTGTTGAAAA TTATGAGTCC 1 1 9 0 ； 
C l o n e 2 AAACTCTTTT TTATTTTTCT GGAAAATTCC AATGTGTTTG AAAAACAATC TGTCTCTCTC 14 00 |, 
C l o n e 5 AAACTCTTTT TTATTTTTCT GGAAAATTCC AATGTGTTTG AAAAACAATC TGTCTCTCTC 1 2 5 0 
C l o n e 2 TCTGTCGGTC AGATACTGGG TGAAGGTAGT TTGGCATTGG AGGGTCCTGA ACAGACATCC 1 4 6 0 
C l o n e 5 TCTGTCGGTC AGATACTGGG TGAAGGTAGT TTGGCATTGG AGGGTCCTGA ACAGACATCC 1 3 1 0 “ 
C l o n e 2 GATCGCTTTG TGTCTTCTAG TATACTTGAA ACTGTGAGAA GAGATTACAG TGTGATCTAC 1 5 2 0 
C l o n e 5 GATCGCTTTG TGTCTTCTAG TATACTTGAA ACTGTGAGAA GAGATTACAG TGTGATCTAC 1 3 7 0 
C l o n e 2 TGCTTCAGGA AAGATGCGCA CAAGATGCAG ACTTTCCTCA AACTGCTGAA GTGCCGCCAG 1 5 8 0 
C l o n e 5 TGCTTCAGGA AAGATGCGCA CAAGATGCAG ACTTTCCTCA AACTGCTGAA GTGCCGCCAG 1 4 3 0 
3' 
C l o n e 2 ATCGATAAGG AGAATTGCTC CCTATTC 1 6 0 7 
C l o n e 5 ATCGATAAGG AGAATTGCTC CCTATTC i 4 5 7 
Figure 3.8 Sequence alignment of clone 2 and clone 5 isolated from genomic 
library. Un-matched bases are typed in boldface and indicated by asterisks on the 
top of the bases. Gaps (-) have been inserted to make the similarity more apparent. 
The numbers are given according to the first base sequenced in the promoter region. 
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a t c t g a a a c a g t a g c g c a t a a g a a a c a g c t g a a t t t t g c a t c t g a t t t t t a g a g a 55 
ttatgcataa a a c a g t g a a a c a t g t g g t c c c c t a t c a a c t a a c c a a t a c t t a c g t t c a a g 1 1 5 
t g g t t t c c t a a t t t g t t a a t c c a t a a a t c t a g t g g g g c a t a t a a g g t a t a c a t a a c t g t g , 1 7 5 
a g a g a a c c a c a g t c a g a g a g t c c a a c a a g a a t t g a c t t t t g t t c a a c g a a a a a t g a a g a a 2 3 5 
a a c t a c a g g t a c g g a g a c t t a c a t t t a c a a t t t t g c a c a a a a g a t c a g t t t g c t a a t t g a 2 9 5 
t g g c t a a c t g a a g c a t a t c t c g c t a a g a g t a t g a c a a a c a t a t t a a t a a g a a a t g t t t a t 3 5 5 
a g c a t g t a g t c t a a c t a a g t a t a a t t a t a g a t t t t a c a a a g t t g c t t t g a t a a a c a t t c a 4 1 5 
ggctataaaa t c a a t g t g g a c a t t a t t g a a t g t a t c t g c t a a t g a t t c t c t c t t t t t g t c 4 7 5 
c c g t t a t c a t c c t g a a g t t c t a c a g g t c t g t g t g g c a t t t g t g c t c t g c t caATGTGGGC 5 3 5 
M W A - 4 
AGTGGCCGGA TCTCCTGTGG ACTGTCCAGA CCAAGATACT GAAGGAACGT CCTGCACCAT 5 9 5 
V A G S P V D C P D Q D T E G T S C T I 17 
CTCAATTGAG AAGCTCCTGG AACGAGCTGT TCAACATGCA GAGCTCATTT ACCGCTTCTC 6 5 5 
S 工 E K L L E R A V Q G A E L I Y R F S 37 
AGAGGACTCC AAATTGATGT T T g t g a g t a a c a g a g a a a a g c t t t a c a a t t t t g c a c t g t a 7 1 5 
E D S K L M F 46 
c c a c g a t t t c a a t c t a a a t a g c t g a t g a a a a t a a g t a a a a a g t a c a g a a t g a t t c c t a a a 7 7 5 
t a t t t t c a g G ACGAGATGCT CATTTCATAC GGAATGAATC TGCATATTCC CGAAGGGACC 8 3 5 
D E M L 工 S Y G M N L H I P E G T 61 
ATGTGTGCTC CTAAAACGGT GCCGGTTCCT TTGTCTAAAA GTGAAATCCA AGAGATTTCC 8 95 
M C A P K T V P V P L S K S E I Q E I S 8 1 
g t g a g t t c t t c t a a t g a c a t c t g a t g a a a c t g a c t g t a a g a g t a a c t t t c t g c t a a g a a c 9 5 5 
t g c t g a g a t g a a c t a g c t t t t t t t g t t t t t t c c t c c a g G A CAAATGGATC CTTCACTCGA 1 0 1 5 ‘ 
D K W I L H S 88 
TCCTGATTCT GGCCCAGTTC TGGATTGATC CACTGGTAGA AGTACAGGCA TCTCTTGAGA 1 0 7 5 
I L I L A Q F W I D P L V E V Q A S L E 1 0 8 
GTTATGAGAA TGTCCCAAGT GCCCTGCTTA CCAGGAGCAA ATGGATATCT ACCAAACTAA 1 1 3 5 
S Y E N V P S A L L T R S K W I S T K L 1 2 8 
TGAGCCTGGA ACAGGGTATA ATTGTTCTCA TTAGACAGgt g a a t a t g a a t t g t t g a a a a t 1 1 9 5 
M S L E Q G I I V L I R Q 1 4 1 
t a t g a g t c c a a a c t c t t t t t t a t t t t t c t g g a a a a t t c c a a t g t g t t t g a a a a a c a a t c t 1 2 5 5 
g t c t c t c t c t c t g t c g g t c a gATACTGGGT GAAGGTAGTT TGGCATTGGA GGGTCCTGAA 1 3 1 5 l{ 
工 L G E G S L A L E G P E 154 
CAGACATCCG ATCGCTTTGT GTCTTCTAGT ATACTTGAAA CTGTGAGAAG AGATTACAGT 1 3 7 5 ', 
Q T S D R F V S S S I L E T V R R D Y S 174 J 
GTGATCTACT GCTTCAGGAA AGATGCGCAC AAGATGCAGA CTTTCCTCAA ACTGCTGAAG 14 35 
V 工 Y C F R K D A H K M Q T S L K L L K 294 
TGCCGCCAGA TCGATAAGGA GAATTGCTCC CTATTC 14 7 1 
C R Q 工 D K E N C S L F 2 0 6 
Figure 3.9 The nucleotide sequence of the clone 5 goldfish SLII gene and 
part of the 5' promoter regions. Exons are shown in capital letters; introns 
and 5, promoter region are shown in lower-case letters. The TATA box 
(TATAAA) and the the pit-1 binding site (ATTATGCAT) are underlined. 
Predicted amino acid residues of goldfish SLII prohormone are presented in 
capital letters below the corresponding codons. 
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1 2 3 4 5 6 7 8 9 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^ K ^ ^ ^ _ i j ^ ; ^ ; ^ ^ „ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ B ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ | ^^^^^^^^^^^^^^^^^^^^^^^m^^^^^K^^^^^^^^^^^^^^^^^^^^^^K^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^K^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^M ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ H^H||^ H^ ^^ ^^ ^^ ^^ ^^ ^^ H^H^ ^^ ^^ ^^ ^^ ^^ | 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ m[|^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ | 
^ ^ ^ ^ ^ ^ ^ ^ ^ H H ^ ^ ^ H I ^ ^ ^ ^ H B ^ ^ ^ | 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ H ^ ^ ^ ^ ^ ^ ^ ^ ^ H 
^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ f^fl|^ ^^ ^^ J^^ ^^ ^^ 8^B|fe^ ^^ ^^ ^^ ^^ ^^ ^^ ^^ H^ 
^^^^^^^^^^^^^^^H^^^^^^^H^^^^^^^H^^^^^| 
B ^ ^ ^ ^ H [ ^ ^ m i ^ 3 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^H^HHjpm^^^^^^^^^^^| 
^ H 
Lane 1: 1 kb marker 
Lane 2: P^ round PCR (APl-GFSLIIGR2) ofEcoR V cut/ligated fragment i 
Lane 3: P^ round PCR (APl-GFSLIIGR2) ofPvu II cut/ligated fragment 
Lane 4: 1 st round PCR (AP 1-GFSLIIGR2) of Sma I cut/ligated fragment 
Lane 5: V' round PCR (APl-GFSLIIGR2) ofSca I cut/ligated fragment 
Lane 6: 2"^  round PCR (AP2-V12R1) ofEcoR V cut/ligated fragment 
Lane 7: 2"^  round PCR (AP2-V12R1) ofPvu II cut/ligated fragment 
Lane 8: 2"^  round PCR (AP2-V12R1) ofSma I cut/ligated fragment 
Lane 9: 2"^  round PCR (AP2-V12R1) ofSca I cut/ligated fragment 
Figure 3.10 The investigation of clone 2 promoter region using the 
GenomeWalker Adaptor Kit (Clontech). 
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5 ' GGGT ATATCACACA CACGACCACT GCCAGGCACG ACAGTGCAAA TGCGGAATAC 54 
CTCAGTGGCG TGGAGTGCAG GTATACAGAT TAATCCGGCA GCGTCCGTCG TTGTTGATAT 114 
TGCCTATGCA CGGCTCCGGC AGTGGCGACT GGCGTACTGA CGGATTCATC GTTGGGGTCG 174 
GTTATAAATC CTGATTAGCC AGGTACACAG TGTATGACAG CCCGCGGAAC CGGTGGCTTT 234 
TTGTGGGTGA TATGGCAGTA AGATTTCAGA GTCCTGAAAG ACGGCACAGA AAACCGTACA 294 -
GAACTGCACA TTCAGCTGAA AGCCAGACGT AACAGCACAC GTGGTGTGAA CACGGTGGGC 354 
TCAGAGAATC CGGATGAAGC CTGCTTTTTA TACTAAGTTG GCATTATAAA AAAGCATTGC 414 
TTATCAATTT GTGCAACGAA CAGGTCACTA TCAGTCAAAA TAAAATCATT ATTGATTTCA 474 
ATTTGTCCCA CTCCCTGCCT CTGTCATCAC GATACTGTGA TGCCATGTGT CCGACTTATG 534 
CCCGAGAAGA TGTGAGCAAA CTTATCGCTT ATCTGCTTCT CATAGGAGTC TGCAGACAAA 594 
ATGCGCAACT CGTGAAAGGT AGCCGATCTG GGTCGACTCT AGGCCTCACT GGCCTAATAC 654 丨 




Figure 3.11 The 5' flanking region of clone 2 isolated from the genomic 
library. Neither the TATA box nor the pit-1 binding site can be found. 
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3.3.4 Southern Blot Analysis of Goldfish and Catfish Genomic DNA 
cDNA encoding goldfish SLII and catfish SLI hormone coding region were 
used as probes to hybridize with genomic DNA extracted from goldfish and catfish. 
The results ofthe Southern blot analysis are shown in Figure 3.12. 
In the analysis of goldfish genomic DNA probed with SLII cDNA, the Xba I 
digested fragments at about 3.5 kb in length gives one strong band signal. Two 
distinct bands were observed for the BamR I (3.4 and 7 kb) and Hind III (1.8 and > 9 
kb) digested samples. There was also a distinct band at the position of4.5 kb from 
EcoR I digestion. In the catfish genomic DNA analysis, the blot gave interesting 
result that all the four signals probed with SLII cDNA were about the same size (3.5 
ii 
kb). :: 
However, the blot probed with a catfish SLI cDNA gave different patterns of 丨 
signals when compared with that probed with SLII cDNA. In the goldfish genomic 
DNA probed with SLI, several bands were observed, three for Xba I digestion (6, 8 
and 12 kb), one for BamH I digestion (9 kb), two for Hind III digestion (6 and 7.8 kb) 
and three for EcoR I digestion( 2.2, 4 and 6 kb). However for the catfish genomic 
DNA probed with SLI cDNA, although the signals were not clear enough, it could 
also be observed that bands were given from all the four digestions, two for Xba I, 
Hind III and one for BamH I, EcoR I respectively, at positions larger than 6 kb. The 










































































































































































































































































































Screening ofGoldfish Genomic Library 
Although two genes of SLII were isolated from the goldfish genomic library of 
similar sizes (0.9 kb), they did not give identical patterns after restriction enzyme 
mapping. In clone 5, four different enzyme sites were located on the SLII gene, 
including BamYi I，EcoK V, Hind III and Sac I. However only one Sac I site was 
found on clone 2 SLII gene, which was located at the same position as the Sac I on 
clone 5 SLII. In order to confirm them, DNA sequencing was carried out. 
From the sequencing results, it was found that clone 2 and clone 5 genes shared 
very similar nucleotide sequences, exhibiting 96% identity with each other. Both of ； 
• I 
I .I 
them contained only four exons, different from the chum salmon SL gene which ：| 
''i 
comprised five exons (Takayama et al., 1991b). All ofthe 3 introns on both clone 2 ‘ 
and clone 5 SLII genes were about 100 bp in length. Similar to clone #4, the clone 
5 SLII gene encoded protein consists of 6 conserved cysteine residues, and the 4 
conserved domains were also found at the position similar to other SLs. Amino 
i' 
acid alignment of all characterized SLs shows that seven cysteine residues were 
j 
conserved in all fish except goldfish and catfish. In goldfish and catfish , SL lacks a 
cysteine residue corresponding to the third conserved cysteine residue from the N 
terminus found in all other SL sequences. It is interesting that the DNA sequence 
of clone 5 was identical to the clone #4 gene identified in Chapter 2 except for one 
base. The third codon of the mature hormone coding region was GTT and GTG in 
clone #4 and clone 5 respectively. However both two codons represent the amino 
acid valine, and did not affect the overall amino acid sequence. 
From the sequencing results, it was found that the DNA sequence coding for the 
signal peptide including the start codon was only 18 bases long. They coded for 6 
83 
amino acids only instead of 23 discovered in V12 sequence (Figure 3.13), and it was 
the shortest signal peptide when compared with all the other SLs. 
The amino acid sequence of clone 5 was compared with 13 known SLs 
including goldfish SLII (V12) and catfish SLI. Their amino acid identities were 
listed inTable3.1. 
Amino acid sequence Amino acid sequence 
Fish Species (premature protein) (mature protem) 
identity identity ^ 
Goldfish (V12) 7 ^ ^  
Channel catfish 5 ^ 55% ； 
Atlantic halibut 50% 53% 
Flounder 48% 5 ^  
White sturgeon 4 ^ 5j% 丨 
Chum salmon 48% 51% ” 
Sole 4m 5}% 
Atlantic cod 47% 51% 
Gilthead sea bream 48% 50% 
Lumpfish 4 ^ 50% 
Lungfish 46% 5 ; ^ i 
Red drum 4 ^ 4 ^  
European eel 45% 48% , 
^ ^ ^ ^ " " " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " ' " " ^ ^ ^ ^ ^ ^ ^ ^ " ^ ^ ^ " " " " ^ ^ ^ ^ " ' * ^ ^ ^ " ' ^ ^ ^ ^ ^ ^ " " " i ^ ^ ^ " * " ^ ^ ^ - i - ^ ^ ^ ^ ^ * ^ i ^ ^ ^ ^ * i - ^ ^ ^ - B M ^ ^ ^ ^ * l 
I 
Table 3.1 Comparison of clone 5 encoded protein with other known fish SLs 
In the promoter analysis, a TATA box and a pit-1 protein binding site were 
found up-stream from the 5’ end of the clone 5 SLII gene. Pit-1 is a transcription 
factor which participates in the regulation of pituitary-specific expression of GH, 
PRL, SL and thyroid-stimulating hormone, in the action of activating the genes 
(Bodner et al., 1988; Ingraham et al., 1988). In order to study the activity of this 
promoter, it can be further investigated by cloning into pEGFP-1 vector, which 
contains a EGFP gene that will be expressed if the cloned sequence has promoter 
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5 ' GGGT ATATCACACA CACGACCACT GCCAGGCACG ACAGTGCAAA TGCGGAATAC 54 
CTCAGTGGCG TGGAGTGCAG GTATACAGAT TAATCCGGCA GCGTCCGTCG TTGTTGATAT 1 1 4 
TGCCTATGCA CGGCTCCGGC AGTGGCGACT GGCGTACTGA CGGATTCATC GTTGGGGTCG 1 7 4 
GTTATAAATC CTGATTAGCC AGGTACACAG TGTATGACAG CCCGCGGAAC CGGTGGCTTT 2 3 4 
TTGTGGGTGA TATGGCAGTA AGATTTCAGA GTCCTGAAAG ACGGCACAGA AAACCGTACA 2 9 4 :: 
GAACTGCACA TTCAGCTGAA AGCCAGACGT AACAGCACAC GTGGTGTGAA CACGGTGGGC 3 5 4 
TCAGAGAATC CGGATGAAGC CTGCTTTTTA TACTAAGTTG GCATTATAAA AAAGCATTGC 4 1 4 丨 
TTATCAATTT GTGCAACGAA CAGGTCACTA TCAGTCAAAA TAAAATCATT ATTGATTTCA 4 7 4 ！ 
ATTTGTCCCA CTCCCTGCCT CTGTCATCAC GATACTGTGA TGCCATGTGT CCGACTTATG 5 3 4 J 
CCCGAGAAGA TGTGAGCAAA CTTATCGCTT ATCTGCTTCT CATAGGAGTC TGCAGACAAA 5 9 4 j 
ATGCGCAACT CGTGAAAGGT AGCCGATCTG GGTCGACTCT AGGCCTCACT GGCCTAATAC 654 丨丨 






Figure 3.11 The 5’ flanking region of clone 2 isolated from the genomic 
library. Neither the TATA box nor the pit-1 binding site can be found. 
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activity. 
On the contrary, the clone 2 promoter DNA sequence was completely different 
from that of clone 5. Of the 681 bp that had sequenced, neither TATA box nor pit-1 
protein binding site could be found. This suggests the clone 2 SLII gene may be a 
pseudogene, which will not be transcribed at any time. 
Southern Blot Analysis ofGoldfish and Catfish Genomic DNA 
The result ofgenomic southern blot analysis showed that there might be at lease 
two SL genes in goldfish coding for SLI and SLII respectively, since the 
hybridization patterns were different when probed with SLI and SLIL 
\ 
The analysis of goldfish genomic DNA probed with SLII cDNA, suggested that | 
‘i 
there was one single gene coded for SLIL From the genomic sequence obtained in 
library screening, BamH I and Hind III sites were present in the SLII gene. Both of 
them split the gene into two fragments and therefore gave two signals respectively 
after hybridization. No Xba I and EcoR I restriction site could be found from the 
gene sequence, therefore only one signal was observed in these two lanes j 
I 
respectively. When the goldfish genomic DNA was probed with SLI cDNA, the 
patterns of positive signals were different from that probed with SLIL It suggested 
the presence of another gene coded for SLI. 
In the analysis of catfish genomic DNA, it was interesting that all the four 
enzyme digestions gave similar signals at 3.5 kb position. However they were 
slightly different in the size when measured accurately. The positive signals also 
suggest the presence of SLII gene in catfish. 
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CHAPTER 4 EXPRESSION OF RECOMBINANT GOLDFISH 
SOMATOLACTIN IN ESCHERICHIA COLI (E, COU) 
4.1 Introduction 
Although SLs have been isolated from pituitaries of several fish species such as 
Atlantic cod (Rand-Weaver et al., 1991b) and gilthead sea bream (Cavari et al, 
1995a; Cavari et al., 1995b) using alkaline extraction, gel filtration and reversed-
phase high-performance liquid chromatography, those isolation methods produced 
only limited quantities of the protein. Only lmg of SL/g of pituitary wet weight 
was obtained from Atlantic cod (Rand-weaver et al., 1991b), and the isolation 
required a large number of animal samples (Cavari et al., 1995b). The availability : 
1 •； 
of a sufficient amount of SL will help to elucidate the physiological function ofthis • I 
protein and to study the regulation of its metabolism in fish. One method is to 
develop cell lines that express SL. However the process was very time 
consuming — it took over 2 years (Bols et al., 1995) for the preparation ofcell lines. 
Recently, recombinant SLs have been expressed and purified using a bacterial i 
i 
/ 




et al., 1998). A similar method was used in the goldfish SLII expression reported 
here. The goldfish SLII cDNA was cloned into pRSET A expression vectors in 
order to produce recombinant goldfish SLII in E. coli. The use of the recombinant 
protein expression technology was applied to find out the structure and function of 
the proteins of interest. The molecular weight of 27 kilodaltons (kDa) estimated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) agrees well 
with the molecular mass calculated from the translated cDNA sequence and a 
fragment from the expression vector. 
The recombinant SLII expressed was then purified by passing through a His-
87 
Bind affinity column, which specifically binds to the poly-histidine sequence on the 
recombinant proteins. The purified protein was then used for raising polyclonal 
antibodies. The positive identification of SL in tissues or plasma of goldfish and 
other fish species can help us to study the physiological role ofSL. 
j 
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4.2 Materials and Methods 
4.2.1 Materials 
E. coli. Strain BL21(DE3)pLysS Competent Cell (Stratagene) 
Genotype E. coli B F dcm ompThsdS{r^m^-) g^z/A,(DE3)[pLysS Cam'] 
SOB medium 
Tryptone-B 20 g 
Yeast Extract-B 5 g 
NaCl 0.5 g 
MgSO4.7H2O 5 g ： 
Add ddH2O to 1 liter, sterilize the buffer by autoclaving for 20 min at 121°C. i 
SOB-AC plate 
Composition the same as SOB medium except for 1.5 g agar, 0.1 mg ampicillin and ‘ 
I 
34 iig chloramphenicol i 
！ 
IPTG (Isopropylthio-p-D-galactoside) 
0.8 mM IPTG was dissolved in ddH2O, filtered with 0.22 i^m disposable filter units, 
and stored at -20°C. 
Acrylamide 30:0.8 Stock 
Acrylamide 30 g 
Bis-acrylamide 0.8 g 
Dissolved in 100 ml ddH2O. 
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Lower Tris Buffer (for SDS-PAGE) 
Tris base 1.5 M 
Adjust the pH to 6.8 with HC1. 
Upper Tris Buffer (for SDS-PAGE) 
Tris base 0.5 M 
Adjust the pH to 8.8 with HC1. 
15% Separating Gel (for SDS-PAGE) 




Lower Tris Buffer 1.25 ml | 
I 
1 
10% SDS 0.025 ml 
10%APS 0.075ml 
TEMED 1.25 |al 




5% Stacking Gel (for SDS-PAGE) 
Acrylamide 30:0.8 stock 0.5 ml 
Upper Tris Buffer 0.75 ml 
10% SDS 0.03 ml 
10%APS 0.04ml 
TEMED 3 ^1 
ddH^O 1.65 ml 
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5X SDS PAGE Running Buffer 
Tris base 30 g 
Glycine 144 g 
SDS 5g 
Dissolved in 1 liter ddH2O. 
SDS PAGE Sample Buffer 
Upper Buffer 1 ml 
Glycerol 1 ml 
10% SDS 1 ml 
I 
！ 
2-ME 0.1 ml 1 
1 j 
i 
0.05% Bromophenol Blue 0.2 ml 
ddH2O 4.7 ml 
Coomassie Blue Staining Buffer (for SDS-PAGE) 
Coomassie Brilliant Blue 0.1 % 
Isopropanol 25% 
Acetic Acid 10% 
Cupric Acetate 0.1 % 
Destaining Buffer (for SDS-PAGE) 
Methanol 40% 
Acetic Acid 10% 
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10X TBS 
Tris base 200 mM 
NaCl 8% 
Adjust pH to 8.0. 
Column Charge Buffer 
NiSO4 50 mM 
Denaturing Binding Buffer 
Composition the same as IX TBS except for 6 M guanidine hydrogenchloride. 
Denaturing Wash Buffer 
Composition the same as IX TBS except with 6 M urea. 
40mM Denaturing Wash Buffer 
Imidazole 40 mM 
NaCl 0.5 M 
Tris base 20 mM 
Urea 6 M 
Adjust pH to 7.9 with HC1. 
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80mM Denaturing Wash Buffer 
Imidazole 80 mM 
NaCl 0.5 M 
Tris base 20 mM 
Urea 6 M 
Adjust pH to 7.9 with HC1. 
Denaturing Elute Buffer 
Imidazole 1 M 
NaCl 0.5 M 
Tris base 20 mM 
Urea 6 M 




Tris base 20 mM 
Adjust pH to 7.9 with HC1. 
Carbonate Buffer (for ELISA) 
Na2CO3 1.59g 
NaHCO3 2.93 g 
NaN3 0.2 g 
Add ddH2O to 1 liter, adjust the pH to 9.6. 
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TBS-T (for ELISA) 
NaCl 8g 
Tris base 2.4 g 
NaN3 0.5 g 
Tween 20 0.1% 
Add ddH2O to 1 liter, adjust the pH to 7.4. 
Blocking Buffer (for ELISA) 
Composition the same as TBS-T except for 5% BSA. 
Wash Buffer (for ELISA) 
Composition the same as TBS-T except for 3% skim milk. 
NPP Substrate Solution (for ELISA) 
p-nitrophenyl phosphate 10 mg/ml 
Tris buffer 0.2 M 
The solution should be freshly prepared. 
Transfer Buffer (for Western Blot) 
Tris base 25 mM 
Glycine 192mM 
Methanol 20% 
Adjust pH to 8.3. 
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TTBS (for Western Blot) 
Tris base 20 mM 
NaCl 0.8% 
Tween 20 0.1% 
Adjust pH to 7.5. 
Blocking Solution (for Western Blot) 
Composition the same as TTBS except for 5% skim milk. 
Developing solution (for Western Blot) 
Tris-HCl, pH9.0 0.1 M 
MgCl2 5 mM 
5-Bromo-4-chloro-3-indolyl phosphate (BCIP) 0.15 mg/ml 
Nitro Blue Tetrazolium ( ^ T ) 0.3 mg/ml 
The solution should be freshly prepared. 
Homogenizing Buffer 
Ammonium Bicarbonate 0.1 M 




4.2.2.1 Transformation of the Recombinant Protein Carrying Plasmid 
into E, colL (BL21) 
The complete sequence of the recombinant goldfish somatolactin II mature 
hormone coding region has previously been cloned into the expression vector pRSET 
A by our colleague. A 6-histidine sequence was introduced to the 5' end of the 
coding sequence for purification later on a His-bind resin. The plasmid was 
transformed into an E. coli strain of BL21(DE3)pLysS competent cells. One 
microliter of the plasmid DNA carrying the recombinant protein insert was added to 
100 i^l competent cells. After being kept on ice for 45 min, the cell mix was heat 
shocked at 42°C for 90 sec and then quick chilled on ice for 2 min, One ml 37�C 
pre-warmed SOB medium (Section 4.2.1) was added, and then incubated at 37�C for 
another 45 min. Eleven ^1 and 110 ^1 of the transformed cells were spread on 37°C 
pre-warmed SOB-AC plates (Section 4.2.1). The plates were incubated at 37�C 
ovemight (about 16 hours) until the colonies were grown up to an appropriate size. 
4.2.2.2 Small Scale Expression of Recombinant Goldfish SLII Protein 
Ten clones were picked from the transformed cell colonies with autoclaved 
toothpicks and each of them was incubated in 3 ml SOB medium (Section 4.2.1) 
(with 0.1 mg/ml ampicillin and 34 ^g/ml chloramphenicol) at 37°C with shaking 
ovemight. On the following day, expression was carried out by adding 100 ^1 of 
the ovemight culture into 3 ml SOB medium (with 50 ^ig/ml ampicillin and 17 ^ig/ml 
chloramphenicol). One more culture was set up as the control, by adding 100 ^1 of 
any one of the 10 ovemight cultures. All the tubes were incubated at 37°C with 
shaking. After about 4 hours, 1 ml culture from the control tube was isolated to 
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measure the absorbance at 600 nm. When the O.D.goo of the control tube reached 
about 0.4，1 mM ofIPTG (Section 4.2.1) was added into each tube except the control 
to induce the recombinant protein expression. All the cultures were collected after 
5 hours incubation in a 37°C shaker. The expression of the recombinant goldfish 
somatolactin II was analyzed in 15% SDS-polyacrylamide gel electrophoresis (SDS-
PAGE). The polyacrylamide gel was constituted by a 5% stacking and a 15% 
separation gel (Section 4.2.1). The electrophoresis was mn under a constant current 
of 30mA for about 1 hour until the dye front reached the end of the gel. The gel 
was stained with 20 ml Coomassie blue staining buffer (Section 4.2.1) for at least 1 
hour, and was destained with 20 ml destaining buffer (Section 4.2.1) until the 
background became clear. 
4.2.2.3 Large Scale Expression ofRecombinant Goldfish SLII Protein 
From the SDS-PAGE analysis of the small scale expression, clone 4 was chosen 
for large scale expression (Figure 4.1). All the remaining ovemight culture of clone 
4 from Section 4.2.2.1 was poured into 250 ml SOB medium (with 50 jLig/ml 
ampicillin and 17 jug/ml chloramphenicol). The culture was grown at 37°C with 
shaking for about 4 hours until absorbance reached about 0.4 O.D.6��. One mM 
IPTG (Section 4.2.1) was added to the medium to induce the expression of 
recombinant protein. The medium was then incubated ovemight in a 37�C shaker. 
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Figure 4.1 Small scale expression of recombinant goldfish SLII. The 
arrow points to the position of the expressed target protein, which had a 
molecular weight of 27 kDa. Lane 1 is the molecular weight marker and lane 
2 is the control, followed by 10 expressed clones. Clone 4 (lane 5) was 
chosen for large scale expression. 
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4.2.2.4 Preparation of the Recombinant Protein for Purification 
After the ovemight incubation, the medium was centrifuged at 8,000 rpm for 20 
min to separate the cells from the medium. The collected pellet was resuspended in 
25 ml IX TBS (Section 4.2.1)，and treated with 3 cycles of freeze-thaw process. In 
order to further disrupt the cell membranes to release the expressed protein, the cell 
resuspension was then brought to sonication. It was carried out in 6 times of 30 
second pulses by a sonicator. After sonication, the cell mixture was centrifuged 
again at 8,000 rpm for 20 min to separate the insoluble and soluble portions. The 
insoluble pellet was then resuspended in 25 ml lXTBS (Section 4.2.1). The 
presence of recombinant goldfish somatolactin II in the soluble or insoluble portion 
was analyzed by 15% SDS-PAGE. 
From the SDS-PAGE analysis，it was found that the expressed recombinant 
protein was mainly present as insoluble inclusion bodies, therefore the resuspended 
pellet was centrifuged for collection, and dissolved in denaturing binding buffer 
(Section 4.2.1) at 4°C with shaking ovemight. The sample was then centrifuged 
again to remove any insoluble particles. The supernatant containing dissolved 
protein was collected for purification. 
4.2.2.5 Protein Purification Using Novagen His-Bind Resin Kit 
Five ml bed volume of the resuspended His-bind resin fNovagen) was added 
into a column and the storage buffer was allowed to drain off. The column was pre-
washed with 3 bed volumes of ddH2O, charged with 5 bed volumes of column charge 
buffer (Section 4.2.1), and then equilibrated with 3 bed volumes of denaturing 
binding buffer (Section 4.2.1). All of the 25 ml sample was loaded on the column. 
The flowthrough was collected and was reapplied to the column one more time. 
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The column was then washed with 6 bed volumes ofdenaturing wash buffer (Section 
4.2.1)，6 bed volumes of 40 mM denaturing wash buffer (Section 4.2.1)，and 6 bed 
volumes of 80 mM denaturing wash buffer (Section 4.2.1). The target protein was 
finally eluted from the column with 4 bed volumes of denaturing elution buffer 
(Section 4.2.1). Strip buffer (Section 4.2.1) was finally applied to the column to 
remove any uneluted residues so that the resin could be reused next time. All the 
flowthrough, washes and eluates were collected and analyzed by 15% SDS-PAGE. 
Since all the eluate contained 6 M urea, dialysis against IX TBS was carried out 
at 4°C to remove the urea using Spectra/por membrane tubing (American Scientific 
Products) with a molecular weight cutoff (MWCO) of 12-14 kDa. The dialysis 
buffer was refreshed for every 8-hour interval. After dialysis, the sample was 
concentrated by Centricon YM3 centrifugal filter devices (Amicon) of regenerated 
cellulose 3,000 MCO. 
The concentration ofrecombinant SLII protein was determined by BCA Protein 
Assay Kit (Pierce, USA), and then stored at -20°C for polyclonal antibody raising 
and further investigations. 
4.2.2.6 Production of Polyclonal Antibody in Rabbits 
The polyclonal antibodies were raised by the Service & Equipment 
Maintenance Team, Biochemistry Department, CUHK. Three rabbits were used to 
raise polyclonal antibody by subcutaneous immunization, however one was dead 
after two months from the priming immunization. For the priming immunization, 
0.5 ml complete Freunds adjuvant was added to 0.5 ml purified antigen (100 ^g) in 
saline. The mixture was then emulsified manually until the emulsion became very 
thick and not dispersed when a drop of it was placed on the surface of a saline 
100 
solution. During injection, the skin of the animal's back was pulled away from the 
underlying muscle. The 24-G needle was inserted all the way through the skin. 
Care was taken not to pierce the muscle tissue. Twenty microliters were injected at 
five different sites to prevent severe granulomas. 
The rabbit's antibody titer was boosted 6 weeks after the priming immunization 
subcutaneously with 100 i^g antigen emulsified in incomplete Freunds adjuvant (1:1). 
Further booster immunizations were carried out at 4-week intervals. Blood was 
collected from the ear artery of rabbits 10 to 14 days after each boost. Serum was 
obtained by centrifugation, and was stored at -20°C for titer determination. 
The rabbit antibody production schedule is summarized in Table 4.1: 
Date Nature Date Nature 
4-12-98 Priming Immunization 9-3-99 Third Booster Injection 
14-1 -99 First Booster Injection 22-3-99 Third Bleed 
27-1 -99 First Bleed 8-4-99 Fourth Booster Injection 
10-2-99 Second Booster Injection 21-4-99 Fourth Bleed 
25-2-99 Second Bleed 6-5-99 Final Booster Injection 
19-5-99 Final Bleed 
Table 4.1 Rabbit antibody production schedule� 
4.2.2.7 Enzyme Linked Immunosorbant Assay (ELISA) 
ELISA to test the titer ofthe anti-goldfish recombinant SLII antibody 
The antibodies obtained from two rabbits were tested against 3 recombinant 
goldfish proteins: SLII, PRL and GHII. The ELISA was carried out in 96 well plates. 
The antigen was tested in 0 ng, 0.1 ng, 1 ng, 5 ng, lOng, 50 ng, 100 ng and 500 ng, 
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and the antibody was tested in 1/1,000, 1/2,000，1/5,000, 1/10,000, 1/20,000 and 
1/50,000 fold dilutions. 
One hundred microliters of the antigens diluted in carbonate buffer (Section 
4.2.1) were added into each well. The plates were incubated at 4 � C ovemight for the 
antigens to adhere onto the wells. On the following day, the contents in each well 
was removed and washed with 100 ^1 wash buffer (Section 4.2.1) 5 times. One 
hundred microliters ofblocking buffer (Section 4.2.1) were added and the plates were 
allowed to stand at room temperature for 2 hours. The plates were washed again and 
replaced with 100 ^1 of different amounts of antibody diluted in TBS-T (Section 
4.2.1). After 2 hours of incubation at 37°C, the plates were washed, and then 100 i^l 
of 1 jag/ml alkaline phosphatase-conjugated secondary antibody (goat-anti-rabbit IgG) 
was added into each well. The plates were incubated again at 37°C for another 2 
hours. After washing 5 times with 100 i^l wash buffer (Section 4.2.1)，100 i^l of 
NPP substrate solution (Section 4.2.1) was added, and the plates were left at 37°C for 
the yellow color to be developed. When the intensity of the yellow color was strong 
enough for detection for about 5 min, the plates were read using a Microplate Reader 
(Bio-Rad) at OD 405 nm. 
By studying the immunoreactivity of the antibodies from both rabbits, the one 
gave a higher titer was used for the following ELISA and Western blot analysis. 
ELISA Analysis of the Antibody against Recombinant Catfish SLI Protein 
The mature hormone coding region of catfish SLI was cloned into pRSET A 
expression vector using the same method employed for cloning of goldfish SLII 
(unpublished data). The expression of recombinant catfish SLI was carried out using 
similar methods as goldfish SLII, and the protein was purified for investigations. 
The anti-recombinant goldfish SLII antibody was tested against recombinant 
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catfish SLI protein. Both the SLI and SLII recombinant proteins were diluted in 
carbonate buffer (Section 4.2.1), and the antibody were tested in 1/1,000, 1/2,000， 
1/5,000, 1/10,000, 1/20,000 and 1/50,000 fold dilutions. 
ELISA Analysis of the Reaction of Anti-Red Drum SLI Antibody With 
Recombinant Goldfish SLII 
The method was the same as above, except that the anti-red drum SLI antiserum 
was now used as the antibody. The rabbit anti-red drum SLI antibody was a gift 
from Dr. Zhu, University of Austin, Texas, USA (Zhu & Thomas，1995). 
4.2.2.8 Western Blot Analysis of the Recombinant Hormones 
A PVDF membrane (Immobilon pSQ, Minipore) was used in Westem blot 
analysis. The proteins were first resolved in 15% SDS-PAGE. A PVDF membrane 
of the same size as the gel was prewetted in 100% methanol. Four pieces of 3MM 
Whatman paper were also cut to the same size as the gel. All the 3MM paper, the 
PVDF membrane and the gel were equilibrated in transfer buffer (Section 4.2.1). 
Blotting was set up using a Trans-Blot SD Semi-Dry Transfer Cell (Bio-Rad) transfer 
machine. The gel and the PVDF membrane were sandwiched between the 3MM 
Whatman papers. The proteins were transferred under the constant voltage of 16 V 
for 45 min. 
After the transfer, the PVDF membrane was incubated in 10 ml blocking solution 
(Section 4.2.1) with shaking for at least 1 hour at room temperature. The antibody 
was diluted 5,000 fold in 10 ml blocking solution, and the membrane was shaken in 
the diluted antibody for at least 2 hours. The membrane was then washed with a 
large amount ofTTBS (Section 4.2.1), twice for 15 min each time, and put into 10 ml 
blocking buffer with 1 i^gAnl alkaline phosphatase-conjugated secondary antibody 
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(goat anti-rabbit IgG). The membrane was incubated in the secondary antibody for 
another hour with shaking at room temperature. After washing twice with TTBS, 
the membrane was immuno-detected with 10 ml freshly prepared developing solution 
(Section 4.2.1) until the color developed. The reaction was stopped by rinsing the 
membrane with a large amount of distilled and deionized water fNanopure, millipure). 
The membrane was then air-dried and stored in zip log plastic bag. 
Antibodies Against Recombinant Goldfish SLII and Recombinant Catfish SLI 
Both the recombinant goldfish SLII and catfish SLI proteins were diluted with 
IX TBS so that 0.5 i^g, 0.25 i^g and 0.125 i^g ofthe proteins were loaded for SDS-
PAGE. After electrophoresis, the gel was subjected to blotting on PVDF membrane 
and was probed with anti-recombinant goldfish SLII antibody and anti-red drum SLI 
antibody respectively. 
Anti-Goldfish Recombinant SLII Antibody Against Goldfish Pituitary Extracts 
Fifty ^1 of homogenizing buffer (Section 4.2.1) were added into an eppendorf 
containing a goldfish pituitary. The mixture was vortexed vigorously to break down 
the pituitary. Then a mini French press was used to grind and squeeze the tissue. 
The mixture was then allowed to stand at 4°C for at least 2 hours to release the 
pituitary hormones. 
The total protein concentration was determined by the BCA Protein assay. The 
pituitary extract was then diluted with homogenizing buffer so that 20 i^g, 10 ^g, 5 ^g 
and 2.5 ^g proteins were loaded for 15% SDS-PAGE. After electrophoresis, the gel 
was subjected to blot on PVDF membrane and was probed with anti-recombinant 
goldfish SLII antibody. 
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4.3 Results 
4.3.1 Expression of the Recombinant Goldfish SLII 
In the small scale expression, only the clone that gave the highest yield oftarget 
protein was chosen for large scale expression (Figure 4.1). 
The expression kinetics was determined by time course studies (Figure 4.2). As 
the time went on after the addition of IPTG, there was a gradually increasing amount 
of protein at the size of27 kilodaltons (kDa) as detected on SDS-PAGE. Expression 
was found to reach maximum level at about 5 hours after the induction, and remained 
more or less the same throughout the ovemight expression. 
4.3.2 Purification of the Recombinant Goldfish SLII 
After the cell lysate was sonicated, both the soluble and insoluble fractions were 
collected for SDS-PAGE. It was found that the recombinant protein was present in 
the insoluble fraction (Figure 4.3). Most of the insoluble fraction contained the 
target protein, and could be dissolved under denaturation conditions by 6 M 
guanidine-HCL After passing through the Ni?+ column, all the fractions collected 
during the purification process were analyzed by SDS-PAGE. Figure 4.4 shows the 
purification profile. The recombinant goldfish SLII protein was present in the eluate 
as a sharp band at the position of about 27 kDa. Ghost protein bands of high 
molecular weight (>50 kDa) were also observed in the eluate. They might be caused 
by impurities, or due to formation of dimers of the target protein. 
4.3.3 ELISA Analysis 
The sera ofboth rabbits were tested against recombinant goldfish SLII, PRL and 
GH, the result from the one which gave a higher titer was shown in Figure 4.5. The 
polyclonal antibody from the serum showed extremely high immunoreactivity 
105 
M C lh 2h 3h 4h 5h 6h 7h 8h Over-
kDa _ t 
、 、爹 ^ 凌‘'''《,‘‘‘‘% 、-> ‘略=^  
->¾^ ‘ 、 
i' '/ -mm< 'w^^t-^^f^ 4^^- ''^y<'% 
« . L : _ a i _ . 
；，〜嫩“-._暴竊^>,^4‘‘：-
您 . : - ' “ ^ :、:：�’ 二： ：,. Recombinant 
29 ''“， ''2^書售麵奮翁舞::、^ goldfishSLII 
f ：“ * € ¥ ^ ^ ^ . 一 Co-expressed 
18.4 ' _ M 、， bacterial proteins 
"•. ‘ 0f^^ « ' , " 玲 》 ^ ， “ - ^ f c ' ^ f e ^ B , ^ ^ ^ ^ 
1 4 . 3 變 | * 晨 悬 激 晨 襄 參 . 8 ^ 
Figure 4.2 Time course of recombinant protein expression. Lane 1 
represents the markers, lane 2: control, lanes 3-10 are cultures harvested 
after 1 - 9 hours of the induction. The last lane is the ovemight expression. 
The arrow points to the target recombinant SLII protein. There was a 
gradual increase in the accumulation of proteins at the position of 
therecombinant SLIL The expression yield reached a maximum at 5 hours 
after induction, and remained unchanged thereafter. 
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Figure 4.3 SDS-PAGE analysis of recombinant goldfish SLII 
proteins after expression. Lanes 1 and 2 are the un-induced and 
induced control respectively. Lanes 3 and 4 are the soluble cell 
lysates and insoluble pellet after sonication respectively. The 
expressed recombinant SLII was mainly present in the pellet as 
insoluble inclusion bodies (unsoluble pellet). 
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Figure 4.4 SDS-PAGE analysis of recombinant goldfish SLII protein at 
different stages of purification. M, molecular weight markers; U, un-induced 
control; I, induced control; FT, flowthrough from His-Bind resin; W1 to W3, 
3 washings using column wash buffers; El to E5, fractions of eluted target 
recombinant proteins 
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Figure 4.5 ELISA to test the activity of anti-recombinant goldfish 
somatolactin II (rgfSLII) antibodies. The upper graph shows the assay 
tested against 3 recombinant goldfish hormones, SLII, PRL and GH. 
The 50,000 fold diluted anti-rgfSLII antibody did not show any cross-
reaction with recombinant PRL and GH. The lower graph shows the 
activity of different concentrations of antibodies against recombinant 
SLII. 
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towards the recombinant goldfish SLII, even in 50,000 fold dilution of the serum. 
On the contrary, the antibody showed nearly no immunoreactivity towards either the 
recombinant goldfish PRL or GH. 
The anti-SLII antiserum was then tested with recombinant catfish SLI protein. 
The anti-SLII antibody did not show any cross-reactivity with the recombinant catfish 
SLI protein (data not shown), although they shared (62.4%) amino acid homology 
with each other. 
4.3.4 Western Blot Analysis 
When the anti-SLII antibody was tested against recombinant catfish SLI proteins, 
it mainly hybridized with the SLII, with slightly cross-reactivity with SLI (Figure 4.6). 
Despite the 27 kDa recombinant SLII protein, a paler positive signal was also 
observed at the position larger than 50 kDa. However when the blot was probed 
with anti red drum SLI antibody, the antibody had a higher affinity towards the 
recombinant SLII but not SLI (Figure 4.6). 
In the analysis of goldfish pituitary extract, discrete bands at the position 
corresponding to native SLII were observed in all dilutions (Figure 4.7). When the 
intensity was compared with the recombinant SLII of known concentration, the 
estimated amount of SLII in goldfish pituitary was 25 ng per ^g of pituitary protein 
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Figure 4.7 Westem blot analysis of the goldfish pituitary extracts 
using the anti-recombinant goldfish SLII antibodies. Different amounts 




4.4.1 Expression of the Recombinant Goldfish SLII 
Since amino acid sequencing was not performed, and no monoclonal antibody 
was available, the position of the expressed recombinant protein which appeared in 
SDS-PAGE could only be predicted by estimating the molecular weight, or by 
comparing with the uninduced control, i.e. without the addition of IPTG. From the 
SDS-PAGE analysis, there was no enrichment of proteins in the control sample at the 
position corresponding to the predicted recombinant protein, even when the control 
sample was incubated at 37�C ovemight. Therefore the protein predicted was 
certainly the target protein. 
From the SDS-PAGE analysis of the expressed culture, there was an enrichment 
of proteins at the position about 27 kilodaltons (kDa). The molecular weight of the 
native form of goldfish SLII is about 23 kDa. As a fusion protein, an extra sequence 
coding the poly-histidine tag and the enterokinase cleavage site was added to the 5, 
end of the coding region, thus giving an additional 4 kDa to the expressed 
recombinant polypeptide. This explained the occurrence of the higher molecular 
weight recombinant protein compared with the native one. 
The expressed recombinant SLII form insoluble aggregates of inclusion bodies 
as a result of rapid protein synthesis (Mitrake, et al,, 1991). Inclusion bodies are 
neither precipitates of native protein nor incorrect disulfide bond formation. They 
are derived from intermediates in rapid protein folding pathways (Sugimoto, et al., 
1991). Other than the solubility problem, inclusion bodies also contain 
contaminating bacterial proteins and nucleic acids. Therefore the handling of 
inclusion bodies should be under denaturing conditions, i.e. in the presence of 
guanidinium salts or urea (Wallis and Wallis, 1990; Guise et al., 1996). 
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4.4.2 Purification of the Recombinant Goldfish SLII 
The mature hormone coding region of the SLII was cloned into pRSET A vector, 
which encodes a 6 histidine tag between the start codon and the multiple cloning site 
(Schoepfer, 1993). This poly-histidine tag facilitates the affinity purification through 
a His-Bind Resin column. Ni?+ cations can be immobilized on the His-Bind Resin, 
and the poly-histidine protein tag has an extremely high affinity towards the NP+ ions 
(dissociation constant on the order of lO]�）at neutral pH even in 6 M guanidine-HCl, 
8 M urea and nonionic detergents (Hochuli et al., 1988). 
From the elution profile of protein purification, several paler bands of higher 
molecular weight proteins were also found inspite of the discrete band ofrecombinant 
SLII. One of them was expressed at a considerably high level (indicated by a 
relatively deeper color when stained with Coomassie Blue) with a molecular weight 
larger than 50 kDa, which might be due to dimerization of the recombinant SLII 
protein. This explanation was further suggested by the Westem blot analysis. 
Other bands might be due to impurities. The impurities presented in the purified 
recombinant hormones owing to the affinity ofhistidine residues to the NP+ ions also 
suggest that these impurities may be bacterial endogenous proteins with metal 
chelating activity. 
4.4.3 Analysis of the Recombinant Goldfish SLII 
From the Westem blot analysis, in spite of the 27 kDa recombinant SLII protein, 
a positive signal also occurred at the position of a protein larger than 50 kDa. This 
band was also present after affinity column purification, indicating that this protein 
may also possess poly-histidine site, and have a quite higher affinity towards the Ni?+ 
ions. This protein should not be an impurity from bacterial endogenous protein, 
since the polyclonal antibody also showed positive immunoreactivity with it. 
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Therefore it was suggested that the presence of this protein might due to the 
dimerization of the recombinant SLII. 
By comparing the amino acid sequence of mature red drum SLI with goldfish 
SLII and catfish SLI, it was found that it shared a higher amino acid identity with 
catfish SLI (53%) than with goldfish SLII (47%). However in the Western blot 
analysis, the anti-red drum antibody cross-reacted with recombinant goldfish SLII 
rather than with recombinant catfish SLI (Figure 4.6). Since the recombinant 
proteins were not properly folded into their native form after expression, and the 
antibodies can only recognize epitopes matched to it. Therefore the 
immunoreactivity of antibody may be altered in this case. It may be better to repeat 
the analysis after proper refolding of the recombinant proteins. 
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Chapter 5 GENERAL DISCUSSION AND CONCLUSIONS 
General Discussion 
Goldfish {Carassius auratus) was used in this thesis as a fish model to study the 
molecular biology of somatolactin (SL), and to elucidate its gene structure and gene 
expression in fish tissues� 
In goldfish, two distinct GH (Law et aL, 1996) and PRL (Chan et al., 1996) 
cDNA sequences were discovered and characterized. This suggests the duplication 
of these two hormone genes within the goldfish genome probably due to 
tetraploidization of the genome (Ohno et al., 1967). As a member ofthe GHA^RL 
superfamily, it is possible that there might be two SL genes in goldfish also, as in the 
case of GH and PRL. Although the understanding of the physiological actions of 
the hormones is the ultimate aim, structural investigations also have their value 
(Rand-Weaver & Kawauchi，1993a). Therefore the investigation of SLII gene 
structure is fundamental to our understanding of the regulation of gene expression 
and of the hormone's physiological function during development. These studies 
can also lead to recognition of new proteins that cannot be identified using biological 
assays. Therefore the novel SLII cDNA from goldfish was used as the probe in this 
project to investigate its gene structure, its expression in different tissues and its 
multiplicities. 
In order to analyze the SLII gene and to determine its interrelationship with 
other fish SLs, four SLII genes were cloned and their nucleotide sequences were 
determined. Two SLII genes from the goldfish genomic library were isolated by 
using the SLII cDNA as the probe. From the promoter sequences analysis, one of 
them, the clone 2 SL gene, did not contain any consensus signal sequence as other 
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SL genes. The consensus regions such as TATA box are the promoter elements 
required for the RNA polymerase to locate the start site in a relative fixed location. 
Therefore it is believed to be a pseudogene. The other isolated gene, clone 5, had a 
sequence different from that of clone 2. TATA box and pit-1 binding site, which are 
specific for SL gene, were found in the promoter region. This gene comprises of 4 
exons which encode mature protein slightly different (78.2 % amino acid identity) 
from the V12 cDNA sequence. It also contains the A, B, C, D conserved domains 
common to other SLs. Similar to other SLs, the pattem and the relative locations of 
these four conserved domains in this goldfish SLII gene are also similar to those 
found in GHs and PRLs. As in the sequence ofV12 cDNA, this SLII gene encoded 
protein also has the six conserved cysteine residues, instead of seven in all teleosts 
SLs except that of channel catfish. The cysteine residues putatively responsible for 
intra- and inter- domain linkages from position 61 to 176 and 193 to 201 through 
disulfide bond formation. The first two cysteine residues at the positions 3 and 14 
are unique to tetrapod PRLs and fish SLs. 
Previous results of the characterized SLs showed that SL is a highly conserved 
hormone with over 70% in amino acid sequence identity of the mature hormone 
portion except goldfish (V12). Similarly，results of the present study showed that 
this novel goldfish protein isolated from the genomic library has the highest amino 
acid sequence identity with goldfish (V12) (78%), and then was the channel catfish 
(55%). It showed very low identity with other fish SLs (Table 3.1). These results 
suggest that the two goldfish SLs and catfish SL may have diverged early from the 
proposed ancestral GH/PRL/SL gene preceding other fish SLs. The possibility that 
these structural variants of SL in goldfish and channel catfish may have functions 
different from SLs of other fish remains to be studied in the future. 
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Although the promoter region of clone 5 contains a conserved essential 
sequence, the TATA box and pit-1 binding site, only part of the 5'-UTR was 
sequenced. It is also necessary to (1) locate the transcription start site in the 
goldfish SLII gene, and (2) examine the promoter activity by cloning into any 
reporter gene system and transfect cell lines such as GH4, rat pituitary cell line. 
However, since SL does not seem to exist in mammals, such transfection experiment 
could only test the putative pit-1 binding sites and other regulatory sites cannot be 
studied. Ultimately, a fish pituitary cell line is needed to study the activity of SL 
gene promoter. 
By comparing the promoter region sequence of clone 5 with chum salmon SL 
gene (Takayama et aL, 1991b)，which is the only one SL with known gene sequence 
including the promoter (data not shown), they showed only 53% nucleotide identity 
with each other. Control mechanism of SL genes might be different in these two 
species except that SL genes are regulated by Pit-1 binding factor to make it 
expressed in the pituitary. 
In the PCR cloning of goldfish SLII gene from genomic DNA using specific 
primers designed from a cDNA (V12), both of the two clones analyzed are believed 
to come from the same gene. However, since these PCR clones were amplified by 
using the cDNA specific primers located at the both ends of the mature hormone 
coding region, therefore the 5’ promoter region and 3，untranslated region cannot be 
studied and compared. Although their coding region sequences are identical to the 
SLII gene clone 5 isolated from the genomic library, we cannot conclude that they 
came from a same gene because the promoter region cannot be investigated. 
However these findings may suggest the probability of identification of a novel 
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goldfish SLII gene encoding a distinct protein sequence compared with the V12 
cDNA sequence. In other words, the gene encoding for the V12 cDNA has not 
been identified yet. To isolate the gene encoding for the V12 SLII cDNA 
previously reported, a genomic library should be constructed using the same strain of 
goldfish in the cDNA library screening and over two million clones should be 
screened, i.e. a more extensive scale oflibrary screening is needed. 
In the RT-PCR analysis, SL expression was found only in the goldfish pituitary. 
Multi-expression of SL in different tissues, as in rainbow trout (Yang et al., 1997)， 
was not detected in goldfish. However, since the total RNAs from different tissues 
examined in this project were contaminated with DNA, analysis should be repeated 
in order to confirm the results in the future. Several improvements can be made, 
such as the addition of DNase I enzyme to the RNA extracts before RT-PCR to 
ensure no DNA contamination. DNase I enzyme digests DNA without affecting the 
RNA present. Another method is to design a pair of primers according to the 
introns, sequence that is already known. The primers designed from introns can be 
used in negative controls to test for the presence of contaminated DNA. In case of 
DNA contamination, RT-PCR would give a DNA fragment amplified from the gene 
larger than its corresponding cDNA. 
The mature hormone coding regions of goldfish SLII have been subcloned from 
the cDNA into the pRSET A expression vector for high-level protein expression in 
prokaryotes. Based upon the T7 RNA polymerase-driven system (Rosenberg et aL, 
1987)，the pRSET vectors encode a recombinant protein fused with a multifunctional 
leader peptide containing a hexahistidyl sequence for purification on Ni^^-affinity 
resins and an enterokinase proteolytic cleavage site for leader peptide removal (Kroll 
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et al., 1993). Although the eukaryotic expression system has the advantages of 
providing post-translation modifications, proper folding and convenient recovery of 
proteins from the cellular compartment, it is more time consuming and expensive. 
Therefore a prokaryotic system has been chosen because of the rapid growth rate and 
the wide variety of technologies available. However, the production of recombinant 
proteins in bacteria is limited by the formation of cytoplasmic aggregates-inclusion 
bodies. In addition to the plasmid encoded protein, inclusion bodies contain the 
four subunits ofRNA polymerase, some combination of the outer membrane proteins, 
and circular and nicked plasmid DNA (Schein, 1989). The protein can be released 
only by using strong chaotrophic reagents like 6M urea or 8M guanidine HC1 and 
must then be correctly refolded during or after removal of the denaturant. In this 
project，the recombinant SL expressed as inclusion bodies was dissolved under 
strong denaturing condition i.e. 6M guanidine HC1, and was refolded by dialysis. 
However, the biological activity of the expressed protein has not been tested yet, and 
only the partially purified, unprocessed recombinant hormones were obtained. 
Further purification of the recombinant protein such as passing through Superdex 
G75 column chromatography can be carried out, or can be purified on Q-Sepharose 
column by stepwise elution with NaCl to elute bioactive recombinant proteins later 
(Fine et al., 1993). Also since the function(s) of SLII in goldfish is still uncertain 
yet, the recombinant SLII can be used as a probe to investigate its target tissue and 
the distribution of SLII receptor in goldfish and other fish species. The 
identification of target organs or localization of its receptor would provide useful 
information on its function. 
The polyclonal antibodies raised against goldfish recombinant SLII can be used 
for qualitative and quantitative detection of the biological role of SLII in goldfish. 
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Also, it can be used to detect the expression of type II SL in other fish species. 
Several bioassays should be developed to find out the physiological role of SLII. 
For instance the homologous radioimmunoassay can be used to measure the SLII in 
plasma of goldfish and other fish species (Moriyama et al., 1994). 
Since there is no definitive function established for SL, from reviewing the 
experimental investigations stated in the introduction of this thesis, it is likely that 
this hormone controls the fat and energy metabolism in most of the fish species 
including goldfish. The rarely presence of SL-cells in cobalt rainbow trout variant 
and their fatter bodies suggest that SL may be involved in fat catabolism and the lack 
of SL in cobalt variant results in an accumulation ofbody fat. As a stress hormone, 
SL might thus be related to energy metabolic control in fish. 
Although the recent advances in SL research and its possible functions lead into 
more understanding about this hormone, it still cannot be determined at present 
whether SL exists only in the fish, or whether it is also present in other classes of 
vertebrates, and awaits to be characterized. It was suggested that there was an 
evolution from fish to mammals by gene duplication (Ohno, et al., 1967). A water-
to-land transition was suggested during the evolution of vertebrates (Kaneko, 1996). 
PRL is consistently present throughout vertebrate species, but its functions differ 
widely in different vertebrate classes. On the other hand, the SL-producing cells in 
the pituitary are found only in fish. Evolution is always accompanied by changing 
in the need of particular functions. These suggestions would shed some light on the 
physiological significance of SL. 
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Conclusions 
(1) Two SL genes have been isolated from the genomic library of goldfish, 
Carassius auratus. One of them is believed to be a pseudogene. TATA box 
and pit-lbinding site can be found on the other one's promoter. Both of them 
comprise four exons, which encode protein quite different from the identified 
cDNA V12 sequence. 
(2) Two SLII genes amplified by PCR using cDNA specific primers were cloned 
and sequenced. They are assumed to be identical, comprised of four exons, and 
encode proteins also quite different from the V12 sequence. These two 
sequences were the same as the SLII gene isolated from the genomic library. 
(3) From the genomic Southern analysis, both SLI and SLII genes are suggested to 
present in the goldfish genome. 
(4) RT-PCR was performed to examine the expression of SLII at the level of mRNA 
production in different goldfish tissues. Only the pituitary was found to be the 
major site of expression, using SLII cDNA specific primers. 
(5) Recombinant goldfish SLII protein was expressed in a prokaryotic system as a 
27 kDa fusion protein. Polyclonal antibody against the recombinant SLII was 
raised in the rabbit� 
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